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PROBLEM TO BE SOLVED: To obtain a glass substrate having enough 
mechanical strength, chemical stability and light transmitting property by 
dispersing fine particles containing specified rare earth elements in a specified 
range of amt. in a glass phase. 

SOLUTION: On a glass substrate 1 having 65mm diameter, a 25-nm thick Or 
precoating film 2, 50-nm thick Cr base film 3, 50-nm thick CoCr magnetic film 
4. and lOnm thick carbon protective film 5 are deposited in this order, and 
then a texture 6 is formed by etching. Further a lubricant film 7 is applied to 
constitute a magnetic disk. The glass substrate 1 is prepared by dispersing 
fine particles comprising Ln203 oxide of one or more rare earth elements 
selected from Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu. The average grain size of the 
fine particles is 1 to lOOnm. The rare earth elements are included by 0.5 to 
20wt.% calculated as oxides to the whole glass. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The glass substrate for information record disks which is a glass substrate for information record disks with which the 
layer for recording information is prepared in surface [ at least / a part of], and is characterized by consisting of glass containing 
at least one sort of rare earth elements with which said substrate was chosen from the group of Sc, Y, La, Pr, Nd, Pm, Sm, Eu, Gd, 
Tb, Dy. Ho, Er. Tm. Yb, and Lu. 

[Claim 2] The glass substrate for information record disks which the compression consolidation layer of the surface section of a 
glass substrate according to claim 1 does not exist, but is characterized by the stress distribution inside a glass substrate being 
substantially uniform. 

[Claim 3] The glass substrate for information record disks characterized by for the very fine particle distributing on said glass 
according to claim 1, and containing said rare earth elements in this very fine particle. 

[Claim 4] Said rare earth elements according to claim 1 are glass substrates for information record disks which are oxide 
conversion of Ln 203 (Ln is rare earth elements), and are characterized by containing 0.5 to 30% of the weight to the whole glass. 
[Claim 5] Said rare earth elements according to claim 1 are glass substrates for information record disks which are oxide 
conversion of Ln 203 (Ln is rare earth elements), and are characterized by containing 0.5 to 20% of the weight to the whole glass. 
[Claim 6] The glass substrate for information record disks characterized by being at least one or more sorts as which rare earth 
elements according to claim 1 were chosen from Gd, Tb, Dy, Ho, Er, Tm. Yb, and Lu. 

[Claim 7] The glass substrate for Information record disks characterized by the mean diameter of a very fine particle according to 
claim 3 being 1-100nm. 

[Claim 8] The glass substrate for information record disks with which a very fine particle according to claim 3 is characterized by 
being 1% or more and 40% or less at the rate of the volume to the whole glass. 

[Claim 9] Said rare earth elements according to claim 1 are oxide conversion of Ln 203 (Ln is rare earth elements). It contains 0.5 
to 20% of the weight to the whole glass, and is Si02 as other components. : 203:0 - 17 % of the weight of aluminum is included 40 - 
80 % of the weight, B-2O3^)-20 % of the weight, R20.<R is alkali metal)0-20 % of the weight, and RO(R is alkaline earth metal):0-20% 
of the weight. And the glass substrate for information record disks characterized by being R2O+RO:10-30 % of the weight. 
[Claim 10] The glass substrate for information record disks characterized by the transmission of the visible white light of said glass 
being 60% or more in claim 1. 

[Claim 11] The glass substrate for information record disks which it is the glass substrate for information record disks with which 
the layer for recording information is prepared in surface [ at least / a part of ], and the degrees of hardness of said substrate are 
670 or more Hv(s), and the compression consolidation layer of the surface section of 60% or more and a glass substrate does not 
exist [ the permeability of the visible white light ]. but is characterized by the stress distribution inside a glass substrate being 
substantially uniform. 

[Claim 12] It is the glass substrate for information record disks with which the layer for recording information is prepared in surface 
[ at least / a part of], and the thickness of said substrate is 0.38mm. Glass substrate for information record disks which it is the 
following, and the compression consolidation layer of 5nm or less and the surface section of a glass substrate does not exist [ the 
granularity on the fi^ont face of a substrate ] by Ra, but is characterized by the stress distribution inside a glass substrate being 
substantially uniform. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Reld of the Invention] This invention relates to glass substrates for disks, such as a glass substrate for magnetic disks for cover- 
half magnetic-disk recording apparatus which was applied to the glass substrate for information record disks, especially was 
excellent in high intensity at chemical stability, thermal stability, and smooth nature, a glass substrate for magneto-optic disks for 
optical-magnetic disc equipment* an optical disk using the phase transformation of a crystal, and DVD (digital video disc). 
[0002] 

[Description of the Prior Art] As an information recording apparatus of a mainframe computer or a personal computer, current, a 
magnetic disk drive, and optical-magnetic disc equipment are in use. Information recording density is increasing these information 
recording device every year with the formation of small lightweight of equipment, and improvement in the speed of an information 
R/W rate. For example, in the magnetic disk drive, although 8.8 inches of the diameter of the disk substrate of several years ago 
were a criterion, in recent years, small magnetic-disk substrates, such as 3.5, 2.5, and 1.8 inch, are developed. Moreover, not only 
the cutback of the diameter of a disk but disk substrate thickness is 0.63mm. It is thin the following. Therefore, the high intensity 
substrate is called for also compared with the former. Moreover, the flying height of a head and a medium is becoming small and the 
smooth nature of the substrate which can control this flying height is called for. 

[0003] The aluminum alloy was used for the conventional substrate for magnetic disks. However, that it is easy to deform, since 
hardness was still more inadequate, the aluminium alloy had the problem that it could not be said that the smooth nature on the 
front face of a disk after polish is enough. Moreover, when a head contacted a magnetic disk mechanically, there was a problem 
that a magnetic-recording medium layer tends to exfoliate. Therefore, there is little deformation and development of a large glass 
substrate of a mechanical strength with good and smooth nature is furthered. Since this glass substrate can be used also as a 
substrate the magneto-optic disk with which translucency is required of the substrate itself, and for optical disks, it is named 
genericalty below the glass substrate for information record disks. 

[0004] When current and the above-mentioned glass substrate for information record disks permute the alkali element on the front 
face of a substrate by other alkali elements, the chemically strengthened glass which raised the mechanical strength, and the glass 
ceramics which deposited the detailed crystalline substance particle in amorphous glass are developed. However, in chemically 
strengthened glass, since an alkali permutation layer existed in a front face, at the time of substrate washing, moved to the front 
face at the time of the heating process at the time of alkali Ion being magnetic film membrane formation, and it was eluted, the 
magnetic film was eaten away, and there was concern which degrades membranous bond strength. For this reason, in JP,7- 
223845A the chemically strengthened glass which was excellent in chemical durability by performing a chemical treatment further 
after the chemical strengthening has been obtained. 

[0005] On the other hand, in glass ceramics, the irregularity after surface polish was not able to say that it was large and smooth 
nature was enough from the difference in the abrasiveness of the microcrystal particle and amorphous glass to produce. Therefore, 
it was difficult to deal with lowering of the flying height of a head. In JP,7-300340,A, smooth nature is raised by making a crystal 
grain child's particle size detailed with 5-100nm. 
[0006] 

[Problem(s) to be Solved by the Invention] However, there is a problem that it is still difficult to make the property of the substrate 
after the chemical strengthening in chemical-strengthening down stream processing and a polish process into homogeneity, also 
with the chemical-strengthening technique of JP,7-223845,A. Furthermore, since the problem on which alkali ion eats a magnetic 
film away is not solved thoroughly, it is necessary to prepare the interiayer which prevents diffusion of alkali ion between a 
magnetic film and a glass substrate. Moreover, in order that a substrate may color it opalescence with the glass-ceramics 
technique of JP,7-300340,A, translucency is low, and application to the substrate for information record media using light is 
difficult. Moreover, since a highly precise crystallization process is required, there is a problem that it is difficult to make the 
property of a substrate into homogeneity. 

[0007] moreover, the above — since afler-treatment processes, such as chemical-strengthening down stream processing and a 
crystallization process, are required even when which approach is used, low-cost-izing is difficult. 

[0008] The object of this invention is to offer the glass substrate for information record disks which has sufficient mechanical 

strength, chemical stability, and light transmission nature, and can be manufactured in a short-time process. 

[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned object, according to invention of the 1st of this invention, 
it is the glass substrate for information record disks with which the layer for recording information is prepared in surface [ at 
least / a part of], and the glass substrate for information record disks characterized by said substrate consisting of glass 
containing rare earth elements is offered. 

[0010] The magnetic medium layer prepared directly on the surface of a substrate, or indirectly [ the layer for recording the above- 
mentioned information ], the layer of the matter which causes a phase transformation by the exposure of light. Or if it is layers 
which information is recorded and can read the information, such as a layer of the matter which is recording information by 
preparing matter or a mechanical level difference etc. from which the reflection factor of light differs, this invention is applicable no 
matter it may be what thing. It is preparing between the layer for recording information for an interiayer (precoat film) etc. as 
preparing the layer for recording the above-mentioned information in a front face indirectly, and a glass substrate. For example. 




improvement in bond strength can be aimed at. or this invention is applicable even if it is a configuration for adding the object of 
controlling a chemical reaction. 

[0011] I hear that both sides of a disk disk side or one side is sufFicient as surface [ at least / a part of], and a case as the layer 
for recording information only on a periphery and inner circumference side also in respect of the same further is prepared is 
sufficient as it. and it is. 

[0012] The glass substrate for information record disks which has sufficient mechanical strength, chemical stability, and light 
transmission nature, and can be manufactured in a short-^me process by the above-mentioned configuration can be offered. 
[0013] In the 1st invention, it Is desirable that the very fine particle is distributing on said glass, and said rare earth elements are 
contained in this very fine particle. 

[0014] There is an upper limit (solid-solution limit) in the amount of the rare earth elements which can melt during the glass 
organization which has the network structure, and if the rare earth elements of the amount exceeding an upper limit are added, it 
deposits in a glass host phase as a crystal phase or an amorphous phase. The particle which consists of such a crystal phase or an 
amorphous phase is called the very fine particle. Also when distribution of rare earth elements is an ununiformity, and a very fine 
parUcle deposits exceeding a solid-solution limit selectively, for a certain reason, the content of rare earth elements does not 
necessarily need to be over the solid-solution limit of host phase glass. As for rare earth elements, it is desirable to exist in both of 
a very fine particle the inside of a glass host phase. Moreover, as for a very fine particle, it is desirable that it is a crystalline 
substance. If whether it is a crystalline substance observes a lattice image for example, with a transmission electron microscope 
photograph, the part of a crystalline substance can be easily judged from plaid not being observed into the part of glassiness 
(amorphous) to plaid being observed. 

[0015] In order to carry out the operation to which a particle controls deformation of a glass host phase and destruction for stress 
also in the carrier beam case when the very fine particle is distributing in a glass host phase, the reinforcement of glass improves 
more. In this case, the particle currently distributed has [ to distribute to homogeneity ] the detailed and higher improvement 
effectiveness in on the strength. 

[0016] Moreover, in the 1st invention, said rare earth elements are oxide conversion of Ln 203 (Ln is rare earth elements), and it is 
desirable to contain 0.5 to 30% of the weight to the whole glass. Furthermore, it is desirable to make rare earth elements into 0.5 - 
20 % of the weight. The content of rare earth elements is 0.5. The improvement effectiveness of a mechanical strength is small at 
under weight %. It is difficult for the raw material powder of a rare-earth -elements oxide to remain at the time of the glass 
dissolution, if it exceeds 30 % of the weight, and to obtain uniform glass. Moreover, jf jMc****** of rare earth elements is exceeded 
the particle size of a very fine particle will become large, and the surface roughness of a substrate will become large. 
[0017] The flying height of the magnetic head is more small, and it is desirable to carry out the content of rare earth elements to 
20 or less % of the weight to the magnetic disk drive of high recording density. 

[0018] In the 1st invention, it is desirable that they are at least one or more sorts as which rare earth elements were chosen from 
Gd. Tb. Dy. Ho, Er, Tm, Yb, and Lu. Since the Ionic radius of rare earth elements is large, they tend to deposit in a glass host phase 
as a very fine particle. Also in rare earth elements, the above-mentioned element is the easiest to deposit a very fine particle in 
homogeneity in a glass host phase, and its improvement effectiveness in on the strength is high. 
[0019] As for the mean particle diameter of a very fine particle, it is desirable that it is 1-100nm. 

[0020] The rate of the volume of the grain child to whom mean particle diameter exceeds lOOnm increases, and the surface 
roughness of a substrate becomes large. The fiying height of the magnetic head is more small, and it is desirable to set mean 
particle diameter of rare earth elements to lOOnm or less to the magnetic disk drive of high recording density. Moreover, when 
mean particle diameter is Inm or less, the strong improvement effectiveness is small. 

[0021] It is desirable that the above-mentioned very fine particle is 40% or less at the rate of the volume to the whole glass. 
[0022] It is not desirable as the surface roughness of a substrate becomes large when the rate of the volume of a deposit particle 
exceeds 40%, and stated above. 

[0023] In the 1st invention, said rare earth elements are oxide conversion of Ln 203 (Ln is rare earth elements). Contain 0.5 to 20% 
of the weight to the whole glass, and 203:0 - 10 % of the weight of aluminum is included as other components 2:40 - 80 % of the 
weight of SiO(s), 8-203:0-20 % of the weight, R20:(R is alkali metal)0-20 % of the weight, and RO(R is alkaline earth metaI):0-20% 
of the weight. And R20 It is desirable that the total quantity of RO is 10 - 30 % of the weight. In the above-mentioned glass, when 
the glass called soda lime glass is a host phase component, improvement in glass reinforcement is the largest. Moreover, in the 
silicate glass which the alkali element and the alkaline earth element contain, especially the addition effectiveness of rare earth 
elements is high. Although many of added rare earth elements dissolve in a glass matrix, some rare earth elements which cannot 
dissolve to the matrix of them deposit as a very fine particle of a crystalline substance. The solid-solution limit community to the 
matrix of rare earth elements, i.e., the ease of carrying out of a deposit, changes with classes of matrix. As mentioned above, unless 
a very fine particle deposits to some extent, the reinforcement of glass does not improve enough. When the silicate glass which the 
alkali element and alkaline earth element of the above-mentioned presentation contain is used as a matrix, the glass substrate with 
which were satisfied of the reinforcement which Is easy to deposit rare earth elements moderately, and is required of an 
information record disk, chemical stability, etc. can be manufactured. 

[0024] In the 1st invention, it is desirable that the permeability of the visible white light of said glass is 60% or more. In order to use 
it as a glass substrate for optical disks, it is necessary to control the amount of a deposit particle, and particle size so that the 
permeability of the visible white light is 60% or more. If permeability is less than 60%. it will decrease, in case the laser beam for 
recording information on a record medium penetrates the inside of a glass substrate, and the reduction in a S/N ratio etc. will be 
caused. 

[0025] In order to attain the above-mentioned object, according to invention of the 2nd of this invention, moreover, on surface [ at 
least / a part of] Even if it is the glass substrate for information record disks with which the layer for recording information is 
prepared, and the degrees of hardness of said substrate are 670 or more Hv(s) and the permeability of the visible white light 
performs 60% or more and heat treatment The glass substrate for information record disks characterized by concentration of an 
alkali element not taking place to a substrate front face is offered. 

[0026] By the above-mentioned configuration, sheet-metal-izing is possible and the glass substrate for information record disks 
with an unnecessary chemical strengthening can be offered after the grinding on the front face of a substrate. 
[0027] Moreover, it is the glass substrate for information record disks with which the layer for recording information is prepared in 
surface [ at least / a part of ] according to invention of the 3rd of this invention, and the thickness of said substrate Is 0.38mm. 
The glass substrate for Information record disks which Is the following and is characterized by concentration of an alkali element 



not taking place to a substrate front face even if the granularity on the front face of a substrate performs Snm or less and heat 
treatment by Ra is offered. 

[0028] According to the above-mentioned configuration, sheet-metal-izing is possible and the glass substrate for information 
record disks with an unnecessary chemical strengthening can be offered after the grinding on the front face of a substrate. 
[0029] It sets to the 3rd invention and the diameter of the glass substrate for information record disks is 2.5. It is desirable that it 
Is more than an inch. 
[0030] 

[Embodiment of the Invention] 

(Example 1) This invention is hereafter explained to a detail using an example. 

[0031] The blending ratio of coal (weight ratio) of the raw material of the glass examined by this invention and glass transition 
temperature (Tg/degree C), a coefficient of thermal expansion (alphax10-7/degree C), and micro Vickers hardness (Hv) are shown 
in a table 1. 
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[0033] It asked for glass transition temperature and a coefficient of thermal expansion from the thermal expansion curve of glass. 
The coefficient of thermal expansion was computed from the elongation percentage of the glass from 50 degrees C to 500 degrees 
C. The programming rate was set as a part for 5-degree-C/, and measuring load was set to 10g. Moreover, quartz glass (coefficient 
of thermal expansion; 5x10-7/degree C) was used for the reference sample. Moreover, the configuration of a sample was set to 
5mmphix20mmH. Ten micro Vickers hardness (Hv) was measured on the measuring load of lOOg, and the conditions for load 
impression time amount 1 5 seconds, and was taken as the average. 

[0034] The glass production approach was carried out as follows. After having carried out weighing capacity of the raw material 
powder of the defined amount to the crucible made from platinum, putting it in and mixing, it dissolved at 1600 degrees C in the 
electric furnace. After the raw material fully dissolved, the churning feather made from platinum was inserted In glass melt, and was 
agitated for about 1 hour. The glass block was obtained by slushing and quenching glass melt after that to the fixture made from a 
graphite heated by about 300 degrees C in churning feather after putting for 30 minutes, ejection and. The block was reheated to 
near the glass transition temperature of each glass after that, and distortion and ** were performed by cooling slowly with 1-2- 
degree-C cooling rate for /. 

[0035] The glass of N0.I is glass which uses oxidation silicon as a principal component. This glass was considered as the basic 
presentation and the rare earth oxide was added to this 100 weight section. No.2-8 are glass which added the oxidization erbium 
(Er 203) which is one of the rare earth oxide one to 21% of the weight among a table 1. Although No.9 were glass which made the 
oxidization erbium contain 32% of the weight, it was difficult for the raw material powder of Er 203 to remain in glass at the time of 
the glass dissolution, and to obtain uniform glass. No. — 10, 1 1, and 12 and 13 — the glass 100 weight section of N0.I — receiving 
— Si02 And it is glass which was made to increase 20aluminum3 addition and was produced. 

[0036] The glass of No.14 is glass which was made to increase the content of aluminum 203 further, and added Er 203 10% of the 
weight. No. — while 15 or 16 glass makes the content of aluminum 203 increase further — Si02 The content was decreased. 
Moreover. it is ZnO and Ti02 as a crystallization component. It was made to contain and this was made to contain 10% of the 
weight of Er 203. The glass of No.17 is Na20. It is glass which made the amount the one half of N0.I. added B-2 03, and added Er 
203 5% of the weight, furthermore. No. — 18 or 19 glass — Na20 It is glass which made the amount the one half of N0.I and added 
alkaline-earth-metal oxides, such as BaO and SrO. Moreover, the glass of No.20-23 is glass which is not making Er 203 of the 
glass of No. 15-19 contain, respectively. 

[0037] Tg, alpha, and Hv of the glass which carried out the chemical strengthening of the glass of N0.I by the alkali permutation are 
shown in a table 2 as an example of a comparison. 
[0038] 
[A table 2] 
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[0039] A chemical strengthening is about 0.63ninri. It was immersed into the 380-degree C potassium-nitrate solution for 40 
minutes, and the glass processed into the plate was performed. The thickness of a chemical-strengthening layer was about 20 
micrometers. Hv of chemically strengthened glass was 670. Since Hv of the glass before a chemical strengthening was 615, it 
turned out that Hv is going up about 9% by the chemical strengthening. Moreover, the coefficient of thermal expansion did not 
change with chemical strengthenings. Moreover, glass transition temperature rose a little. 

[0040] Based on the result of Hv of this chemically strengthened glass, the reinforcement of the glass shown in a table 1 is 
evaluated. When the additions of Er 203 were 1.0 % of the weight and 2 0 % of the weight (2 No. 3), although micro Vickers hardness 
was carrying out lifting to 621,635 compared with the glass of No.1, respectively, the amount of lifting was small and it did not reach 
the degree of hardness of chemically strengthened glass. The addition of Er 203 is 5.0. With the glass of No.3 of weight %, Hv is 673 
and it turned out that Hv of chemically strengthened glass is exceeded. With the glass of No.5-8 the addition of Er 203 was made 
to increase with 10 - 21 % of the weight furthermore, Hv went up further and was set to 683,707,712 and 722, respectively. 
[0041] The micro Vickers hardness to the addition of each oxide is shown in drawing 1 . The addition of an axis of abscissa was 
displayed by mol % of the oxide containing two cations. Namely. Si02 As Si 204, Er 203 and aluminum203 were taken as the 
display by oxide conversion as it is. As shown in drawing 1 , with the glass which added Er 203. Hv was going up almost linearly to 
the addition. 20Er3 addition — 0.013-mol% (5.0 % of the weight) — it became more than Hv of chemically strengthened glass above. 

[0042] although the inclination for Hv to go up on the other hand also in Si 204 and the glass (No.8-11) which added aluminum203 
was seen — the amount of lifting — small — more than 0.05mol% — even if it added, the level of chemically strengthened glass 
was not reached. 

[0043] Change of the coefficient of thermal expansion to the addition of each oxide is shown in drawing 2 . With the glass which 
added Er 203, the coefficient of thermal expansion also rose with lifting of an addition. Since the coefficient of thermal expansion of 
an information record-medium layer was large, matching with an information record-medium layer was good by lifting of the 
coefficient of thermal expansion of a substrate. 

[0044] As mentioned above, when Er 203 was added, Hv was able to be raised greatJy. The content of Er 203 besides the example 
shown in a table 1 is 0.5. Most lifting of Hv was not seen under by weight %. Therefore. Er 203 is 0.5. It is desirable that it is more 
than weight %. Moreover, when it was made to contain exceeding 30 % of the weight, the oxide made to contain did not dissolve into 
glass, but became an ununiformity. As for the content of this to Er 203, it is desirable that it is 30 or less % of the weight. 
Moreover, Si02 considered to raise other mechanical strengths Although the amount of lifting of Tg was almost comparable when 
the component and the amount of lifting of Hv and Tg which are called aluminum 203 were measured, it was more effective to add 
Er 203 about lifting of Hv. Also in the glass to which 20aluminum3 content of No.1 4-1 6 was made to increase, Hv improved rather 
than the glass of No.20-22 which did not make Er 203 contain. No. — when 15 or 16 glass was heat-treated at 900 degrees 0, the 
crystal grain child deposited in glass and glass became translucent. When Hv was measured in this condition, compared with 
760.720 and heat treatment before. Hv was large, respectively. At No.1 7-1 9. it is Na20. The content was decreased to the amount 
of the one half of No.1. Therefore, since it was possible that characteristic temperature rises, specified quantity content of B-2s 
03. BaO, and SrO which are low melting point-ized components was carried out. In these glass, it is 5.0. Er 203 of weight % was 
made to contain. In any case, compared with the glass of No.23-25 which are not making Er 203 contain, Hv improved greatly. 
[0045] Next, the three-point bending strength test of chemically strengthened glass (No.1 2) was performed for the glass of No.1. 
the glass of No.5, and a comparison, a table 3 — the average (sigma/MPa) of three-point bending reinforcement — it is shown. 
[0046] 
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m 3 



N 


n 


a C M P a ) 


1 


2 O 


3 2 8 


5 


2 O 


3 9 1 


2 6 


2 0 


3 9 0. 



[0047] Assessment is 0.63mm in glass thickness, width efface of 2mm, and die length of 3mm. It carried out using the test piece. A 
lower span is 1.2mm. It carried out. The number of test pieces (n) was set to 20 also with each sample. If the added load is set to 
w, the three-point bending reinforcement sigma (MPa) will become sigma= (3lw/2at2). Here, they are an 1; lower span, the width of 
face of a; test piece, and the thickness oft; test piece. The three-point bending reinforcement of an average of the glass of No.1 
was 328MPa(s). It is Er 203 10.0 With the glass of No.5 weight % content of was done, reinforcement of average three-point 
bending reinforcement was improving about 19% with 391, and it had reinforcement equivalent to chemically strengthened glass 
(No.26). 

[0048] in order [ next, ] to examine the mechanism of the improvement in a mechanical strength by making a rare earth oxide 
contain — a transmission electron microscope — No.1- the micro structure of the glass of 8 and 10 was observed. 
[0049] The glass which reaches and does not contain the rare earth oxide of 10 was a homogeneous amorphous state No.1. On the 
other hand, with the glass of No.2-8. the detailed particle of nano order deposited in the amorphous glass matrix. Observation of a 
high-resolution image showed that these particles were crystalline substances. Thus, in the glass containing a rare earth oxide, the 
particle was observed and the degree of the improvement in a mechanical strength was large. On the other hand with the glass 
which made the aluminum203 grade contain like the glass of No.10. the particle was not observed in glass, but the degree of the 



improvement in on the strength was also small. From this, it is thought that reinforcement improved by existence of this very fine 
particle. 

[0050] The particle size of this microcrystal particle changed with 20Er3 contents. The mean particle diameter of the particle 
produced on each glass and the permeability of the white light are shown in a table 4. 
[0051] 
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[0052] Moreover, the relation of the mean particle diameter of the microcrystal particle to 20Er3 addition which deposits, and the 
permeability of glass is shown in drawing 3 and drawing 4 . Mean particle diameter was rising in proportion to the 2nd [ about ] 
power of 20Er3 addition. Permeability decreased in proportion to negative [ of 20Er3 addition ]. Although the permeability of the 
white light was efRcient at 60% or more and record playback was performed when the permeability of light and the effectiveness of 
optical information record were investigated, record playback with a well head was not able to be performed at less than 60%. 
Therefore, as for the permeability of the white light, it is desirable that it is 60% or more. The mean particle diameter of the glass of 
No. 16 was 51 nm, and the rate of the volume of the particle calculated from a TEM photograph was 22%. From these things, if mean 
particle diameter exceeds 50nm. the rate of the volume of a particle will increase and the permeability of the white light will 
decrease. For this reason, it is not desirable, if 20Er3 content exceeds 16 % of the weight, the mean particle diameter of a deposit 
particle exceeds 50nm and the rate of the volume of a deposit particle exceeds 20% further. 

[0053] Next, it inquired by making the glass of No.1 contain various rare earth elements. The class of added rare earth elements 
and the glass transition temperature (Tg) of the obtained glass, a coefficient of thermal expansion, and micro Vickers hardness (Hv) 
are shown in a table 5. The relation between Hv and Tg in the rare earth elements added to drawing 5 and drawing 6 is shown. The 
oxide of Ln 203 performed addition. The addition was made into 0.026-mol% also with each oxide. The production approach of glass 
and the measuring method of a property are the same as that of a table 1. 
[0054] 
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[0055] It was going up, even when micro Vickers hardness was seen, and which rare earth elements were added. When the amount 
of lifting was seen, the direction at the time of adding the so-called heavy-rare -earth element by the side of a heavy element from 
Gd 203 was large. The value of those degrees of hardness was 680 or more, and was larger than Hv of chemically strengthened 
glass. On the other hand, in the case where the light-rare-earth element from Sc 203 to Eu 203 is added, it was less from the 
level of chemically strengthened glass 650 order. 

[0056] In the case of every element, glass transition temperature was fixed at about 585 degrees C. The range of a coefFicient of 
thermal expansion was 81.6 - 92.2x1 0-7/degree C, and matching with an information record-medium layer was good. As a class of 
rare earth elements to add, Gd. Tb, Dy. Ho, Er, Tm, Yb, and Lu are more desirable than the above examination. 
[0057] When the structure of glass of No.21 containing Gd 203 was observed by TEM, the same microcrystal particle as the glass 



which added Er 203 was observed. Mean particle diameter was 1 5nm. 

[0058] Next, the presentation of mother glass was considered. Si02 At less than 40 % of the weight, since a mechanical strength 
and chemical stability were spoiled, a content was not desirable. Moreover, Si02 When the content exceeded 80 % of the weight, 
melting nature fell and many striae occurred. Moreover, the coefFiclent of thermal expansion became small too much, and was 
unsuitable as glass for substrates. As mentioned above. SI02 As for a content, it is desirable that it is 40 % of the weight - 80 % of 
the weight. 

[0059] When **** glass was made to contain B-2 03, it excelled in the fluidity and the glass of a proper coefTictent of thermal 
expansion was obtained. However, when the content exceeded 20 % of the weight, the effectiveness of the improvement in a 
mechanical strength by rare earth content became small. For this reason, as for the content of B-2 03. it is desirable that it is 20 
or less % of the weight. 

[0060] Next, the alkali-metal oxide was examined. When the sum total of the content of an alkali-metal oxide (IJ20. Na20. K20) 
exceeded 20 % of the weight, chemical stability fell. As for the sum total of the content of this to an alkali-metal oxide, it is 
desirable that it is 0 - 20 % of the weight. Furthermore, when it exceeded 20 % of the weight similarly about the alkaline- earth -metal 
oxide, chemical stability fell. As for the sum total of the content of this to an alkaline-earth-metal oxide, it is desirable that it is 0 - 
20 % of the weight. 

[0061] Although the same effectiveness was seen in the semantics which makes glass form into the low melting point, the total 
quantity of the fluidity was bad at less than 10 % of the weight, and the stria generated many alkali-metal oxides, alkaline-earth - 
metal oxides, and B-2s 03. Moreover, when it exceeded 30 % of the weight, chemical stability fell. As for the sum total of the 
content of the alkali-metal oxide from this, an alkaline-earth-metal oxide, and B-2 03, it is desirable that it is 10 - 30 % of the 
weight. 

[0062] Moreover, although it was effective for making the mechanical strength and chemical stability of glass increase, the fluidity 
of glass fell and aluminum 203 was not desirable, when the content exceeded 1 7 % of the weight. Therefore, as for the content of 
aluminum 203. it is desirable that it is 17 or less % of the weight. 

[0063] Moreover, since raw material powder remained in glass at the time of the glass dissolution if it exceeds 30 % of the weight, it 
was difficult for the content of a rare earth oxide to obtain uniform glass, and it was not desirable. The effectiveness of 
improvement in a mechanical strength was acquired by addition of such a little rare earth oxide that there is little sum total of the 
content of an alkali-metal oxide. When the total quantity of an alkali-metal oxide and an alkaline-earth-metal oxide was 10 % of the 
weight, improvement in a mechanical strength was found for the addition of a rare earth oxide even at least 0.5% of the weight. 
However, 0.5 The effectiveness of the improvement in a mechanical strength was small at under weight %. Therefore, as for the 
content of a rare earth oxide, it is desirable that it is 0.5 - 30 % of the weight. 

[0064] The glass substrate of this Invention has obtained sufficient reinforcement by having added rare earth elements. Therefore, 
with the conventional glass substrate, the required chemical strengthening can be performed as it is unnecessary. That is, it is 
characterized by there being no compression consolidation layer which made the glass front face produce residual stress. The 
existence of a surface compression consolidation layer irradiates a laser beam from a front face, and can be measured by the 
approach of carrying out the spectrum of the reflected light using prism. When the glass substrate of this invention was measured 
by the above-mentioned approach, there is almost no residual-stress difference in the interior of a glass substrate and a front face, 
namely, it was checked that there is no suiface stress layer. 

[0065] Next, the actual substrate was produced using the glass of an example and the property was evaluated. The glass of No.1, 
and 5, 7. 8, 18 and 35 was used for glass. Moreover, the chemically-strengthened-glass substrate of No.26 and the SI02- 
aluminum203-ZnO-MgO-RO system glass-ceramics substrate shown in a table 6 were evaluated as an example of a comparison. 
[0066] 
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[0067] The produced glass substrate Is 65mmphl and 0.635mmt. It carried out. The permeability of the water resisting property of 
the obtained substrate, thermal resistance, surface roughness, and the white light is shown in a table 7. 
[0068] 
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[0069] A water resisting property is immersed in 80ml of 70-degree C hot pure water in a substrate for 20 hours, detects the total 
alkali and the amount of alkaline earth elements which were eluted the inside of pure, and is ppm about a total elution volume. It 
displayed. Thermal resistance heated the substrate at 350 degrees C among the vacuum, and carried out secondary ion mass 
spectroscopy of the surface section after that. What difTusion of alkali ion was regarded as by the surface layer was displayed by 
and what was not seen was displayed by O. Average surface roughness Ra (A) estimated surface roughness using the surface 
roughness meter. Moreover, permeability irradiated the source substrate front face of the white light, and it asked for it by the 
intensity ratio of incident light and the transmitted light. 

[0070] When the water resisting property was seen, there were few amounts of elution alkali and it was good at N0.I. and 5. 7, 8, 18. 
35 and 43. In the chemically strengthened glass of No.26, there were many elution volumes of alkali and they were not able to say it 

as fitness. 

[0071] In the heat resistance test, it turned out similarly with the chemically-strengthened-glass substrate of No.26 that many 
alkali elements were detected by the surface layer and migration of ion has taken place. As mentioned above, in the glass substrate 
which carried out the chemical strengthening, it was easy to produce migration of an alkali element, and thermal and chemical 
stability was good in the glass substrate of this invention to having been unstable. 

[0072] Next, when surface roughness was seen, in the glass substrate of N0.I, and 7, 18, 5, 35 and 26, Ra=4-5A and good smooth 
nature were obtained, on the other hand — No. — with 8 or 43 glass, it became Ra=9-10A and a big value. 
[0073] The permeability of the white light was as good as 67 - 95% at N0.I, and 7, 5, 18, 35 and 26. No. — with 8 or 43 glass, 
permeability was as low as 58 or 15%. 

[0074] It investigated about the relation of the deposit condition of surface roughness and a particle. With the glass of No.7, the 
content of Er 203 was 16 % of the weight, and the mean particle diameter of the particle which deposits was 51 nm. Moreover, the 
rate of the volume of a particle was 40%. At this time, permeability was 67%. On the other hand, with the glass of N0.8, the content 
of Er 203 was 21 % of the weight, the mean particle diameter of the particle which deposits was 103nm, and the rate of the volume 
of a particle was 72%. Moreover, permeability was 58%. At this time, surface roughness is 10.0A at the glass of 5.0A and N0.8 with 
the glass of No.7. 2 double front face was coarse. Thus, it turned out that 20Er3 content exceeds 20 % of the weight, and mean 
particle diameter exceeds lOOnm. surface roughness is coarse and permeability is inferior to smooth nature in it at less than 60%. 
[0075] As for the content of the rare earth oxide of the above thing to Er203 grade, it is desirable that it is 20 or less % of the 
weight. As for mean particle diameter, it is still more desirable that it is lOOnm or less. Moreover, as for permeability, it is desirable 
that it is 60% or more. If the above conditions are fulfilled, smooth nature small enough can be obtained. 

[0076] The magnetic film was formed in the eight above-mentioned kinds of glass substrates, the magnetic disk was produced, and 
the property was evaluated. The film configuration of the produced magnetic disk is shown in drawing 8 . drawing 8 — setting — 1 - 
- for Cr substrate film and 4, as for C protective coat and 6, a CoCr system magnetic film and 5 are [ a glass substrate and 2 / Cr 
precoat film and 3 / an etching texture and 7 ] lubricating film. 

[0077] 50nm and 50nm of CoCr system magnetic films were formed [ Cr precoat film ] for 25nm and Cr substrate film after washing 
the magnetic glass substrate of 65mmphi. The etching texture was given for the carbon protective coat after lOnm formation. After 
tape cleaning, lubricating film 7 was applied and it considered as the magnetic disk. In addition, membrane formation was given to 
substrate both sides. Then, the existence of the pervasion situation by the alkali of the magnetic film of a magnetic disk and film 
peeling was evaluated. The magnetic disk drive was produced using this magnetic disk. The schematic diagram of the magnetic disk 
drive produced to drawing 10 is shown. For a revolving shaft and 10, as for the magnetic head and 12, in drawing 10 , a spindle 
motor and 1 1 are [ the magnetic disk which showed 8 to drawing 8 , and 9 / a magnetic-head revolving shaft and 13 ] the output 
terminals of an electric system. The revolving shaft 9 was equipped with the magnetic disk 8 of six sheets in equipment. The 
magnetic head 1 1 was allotted to each two substrate both sides. The control system etc. was connected and it considered as the 
magnetic disk drive. The head flying height under magnetic-disk revolution could be 40nm. 

[0078] Record reproducing characteristics were evaluated using this magnetic disk drive. An alkali pervasion situation, film peeling, 
and record reproducing characteristics are shown in a table 8. 
[0079] 
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[0080] The alkali pervasion situation made O and 5% or more of case, when the percentage of a magnetic disk that pervasion 
was seen among the obtained magnetic disks was less than 5%. Film peeling was evaluated stmilaHy. Record reproducing 
characteristics displayed the good thing by O, and displayed the not good thing by **. The magnetic disk of this invention had little 
alkali pervasion and film peeling, and its record reproducing characteristics were also good. In the chemically strengthened glass of 
No. 12, alkali pervasion and film peeling were seen notably, and it was not desirable. Moreover, although alkali pervasion, film peeling, 
etc. were not seen, its record reproducing characteristics were not good at glass-ceramics No.29. Next, the glass substrate was 
produced using various glass of this invention, and the shock-proof trial was performed. The shock-proof trial formed the magnetic 
film, the protective coat, etc., produced the magnetic disk of the membrane structure shown in drawing 8 , and evaluated it by the 
process same to both sides of a glass substrate as the above-mentioned using this disk. The test method fixed the produced disk 
to the fixture, and performed it by making a dummy head collide with a disk with an accelerator this trial — one kind of magnetic 
disk — receiving — 30 points — carrying out — a crack — applying — etc. — the frequency of the point out of which the defect 
came estimated. No.1-5 of a table 1 and the glass of 14, 18, 23, 24. 25, 26. and 43 were used for the glass for substrates. A test 
result is shown in drawing 7 . The defect frequency [ according / an axis of ordinate / to an exam ] according [ an axis of 
abscissa ] to Hv of each glass was displayed by %. By the degree of hardness not more than it. the defect was seen for the degree 
of hardness of glass bordering on 670. and the amount rose as the degree of hardness fell. Moreover, the defect in an exam was not 
seen or more by 670. With [ a glass substrate degree of hardness ] 670 [ or more ], from the above thing, the magnetic disk which 
can be equal to a shock-proof trial is producible. 

[0081] The optical disk and the optical disk unit were produced similariy. When the glass substrate of this invention was used, there 
was also almost no film peeling of a record-medium layer, and it was efficient and record playback was able to be carried out. 
[0082] As mentioned above, the information record disk of this invention was excellent in chemical stability, and there were also 
few defects, such as film peeling. Moreover, the record reproducing characteristics of an information record disk unit were also 
good. Since neither chemical-strengthening processing nor crystallization processing was furthermore performed to a glass 
substrate, a disk and equipment were producible to low cost. 

[0083] (Example 2) The magnetic disk of the configuration shown in drawing 9 using the glass substrate of this invention was 
produced. Thickness of a substrate was set to 0.38mm. Moreover, the glass of No.5 which have not carried out chemical- 
strengthening processing was used for glass. Moreover, the precoat film usually given was not formed but the direct magnetic thin 
film was formed on the glass substrate, the surface roughness of a glass substrate — Ra=4.0A it was . The magnetic disk which 
used as the substrate the soda lime glass which performed alkali consolidation processing as an example of a comparison, the usual 
soda lime glass which has not performed alkali consolidation processing, and crystallization glass was also produced. 
[0084] The caustic embrittlement of reinforcement, smooth nature, and a magnetic film and the assessment result about magnetic 
properties are shown in a table 9. ^ estimated what cannot say a property for a good thing with O and fitness. 
[0085] 
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[0086] With the magnetic disk of this invention, reinforcement is high and it is 0.380mm. Reinforcement sufficient also by thinness 
was obtained. Moreover, smooth nature was also good. Even if the corrosion of a magnetic film was not seen, either and it did not 
form the precoat film, a magnetic film did not deteriorate. Moreover, since smooth nature was good, the flying height of the 
magnetic head could also be set to 30nm or less, and magnetic properties were also good. 

[0087] With the soda lime glass which carried out chemical -strengthening processing, as a result of the alkali component of glass 
eating a magnetic film away since there is no precoat film although the high mechanical strength was obtained, many things in which 
the alkali component has adhered to the floatation side of the magnetic head after a system sliding trial were seen. Moreover, that 
in which the magnetic film has exfoliated after sliding was also seen. On the whole also in the magnetic disk with which a defect 
was not seen, magnetic properties were falling. The magnetic disk of reinforcement using the soda lime glass which has not carried 
out a chemical strengthening was inadequate. In glass ceramics, surface roughness was large, since smooth nature was not good. 



the flying height of the magnetic head was large, and sufficient magnetic properties were not acquired. 
[0088] 

[Effect of the Invention] According to invention of the 1st of this Invention, since it has sufficient mechanical strength, sheet- 
metaHzing is possible, and since it excels in chemical stability and homogeneity, the disk for information record without the need of 
preparing an interfayer can be offered. 

[0089] Since the number of sheets of the magnetic disk per volume can be made [ many ] according to invention of the 2nd of this 
invention, if it is the same recording density, a small and lightweight magnetic disk drive can be offered. Moreover, a magnetic- 
recording medium being influenced by the structure of an interiayer and presentation, and reducing a magnetic property is lost. 
[0090] According to invention of the 3rd of this invention, it becomes possible to expand the allowance width of face of the 
manufacture error of a disk. 

[0091] According to invention of the 4th of this invention, even if it enlarges a polish rate to some extent in the case of the surface 
polish after the handling at the time of manufacture, for example, glass casting, improvement in the yield can be aimed at by 
handling of the substrate haulage after manufacture which a crack does not generate on a front face becoming easy etc.. and 
reduction of a manufacturing cost can be aimed at. 

[0092] According to invention of the 5th of this invention, since the manufacturing cost is small, a mass information record disk unit 
is offered cheaply. 
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TECHNICAL HELD 



[Field of the Invention] This Invention relates to glass substrates for disks, such as a glass substrate for magnetic disks for cover- 
half magnetic-disk recording apparatus which was applied to the glass substrate for information record disks, especially was 
excellent in high intensity at chemical stability, thermal stability, and smooth nature, a glass substrate for magneto-optic disks for 
optical-magnetic disc equipment, an optical disk using the phase transformation of a crystal, and DVD (digital video disc). 
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PRIOR ART 



[Description of the Prior Art] As an information recording apparatus of a mainframe computer or a personal computer, current, a 
magnetic disk drive, and optical-magnetic disc equipment are in use. Information recording density is increasing these information 
recording device every year with the formation of small lightweight of equipment, and improvement in the speed of an information 
R/W rate. For example* in the magnetic disk drive, although 8.8 inches of the diameter of the disk substrate of several years ago 
were a criterion, in recent years, small magnetic-disk substrates, such as 3.5. 2.5, and 1.8 inch, are developed. Moreover, not only 
the cutback of the diameter of a disk but disk substrate thickness is 0.63mm. It is thin the following. Therefore, the high Intensity 
substrate is called for also compared with the former. Moreover, the fiying height of a head and a medium is becoming small and the 
smooth nature of the substrate which can control this flying height is called for. 

[0003] The aluminum alloy was used for the conventional substrate for magnetic disks. However, that it is easy to deform, since 
hardness was still more inadequate, the aluminium alloy had the problem that it could not be said that the smooth nature on the 
front face of a disk after polish is enough. Moreover, when a head contacted a magnetic disk mechanically, there was a problem 
that a magnetic-recording medium layer tends to exfoliate. Therefore, there is little deformation and development of a large glass 
substrate of a mechanical strength with good and smooth nature is furthered. Since this glass substrate can be used also as a 
substrate the magneto-optic disk with which translucency is required of the substrate itself, and for optical disks, it is named 
generically below the glass substrate for information record disks. 

[0004] When current and the above-mentioned glass substrate for information record disks permute the alkali element on the front 
face of a substrate by other alkali elements, the chemically strengthened glass which raised the mechanical strength, and the glass 
ceramics which deposited the detailed crystalline substance particle in amorphous glass are developed. However, in chemically 
strengthened glass, since an alkali permutation layer existed in a front face, at the time of substrate washing, moved to the front 
face at the time of the heating process at the time of alkali ion being magnetic film membrane formation, and it was eluted, the 
magnetic film was eaten away, and there was concern which degrades membranous bond strength. For this reason, in JP.7- 
223845,A, the chemically strengthened glass which was excellent in chemical durability by performing a chemical treatment further 
after the chemical strengthening has been obtained. 

[0005] On the other hand, in glass ceramics, the irregularity after surface polish was not able to say that it was large and smooth 
nature was enough from the difference in the abrasiveness of the microcrystal particle and amorphous glass to produce. Therefore, 
it was difficult to deal with lowering of the flying height of a head. In JP,7-300340 A smooth nature is raised by making a crystal 
grain child's particle size detailed with 5-100nm. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to invention of the 1st of this Invention, since it has sufficient mechanical strength, sheet- 
metal-izing Is possible, and since it excels in chemical stability and homogeneity, the disk for Information record without the need of 
preparing an Interiayer can be offered. 

[0089] Since the number of sheets of the magnetic disk per volume can be made [ many ] according to Invention of the 2nd of this 
invention. If it is the same recording density, a small and lightweight magnetic disk drive can be offered. Moreover, a magnetic- 
recording medium being influenced by the structure of an interiayer and presentation, and reducing a magnetic property is lost. 
[0090] According to invention of the 3rd of this invention, it becomes possible to expand the allowance width of face of the 
manufacture error of a disk. 

[0091] According to invention of the 4th of this invention, even if it enlarges a polish rate to some extent in the case of the surface 
polish after the handling at the time of manufacture, for example, glass casting, improvement in the yield can be aimed at by 
handling of the substrate haulage after manufacture which a crack does not generate on a front face becoming easy etc., and 
reduction of a manufacturing cost can be aimed at. 

[0092] According to invention of the 5th of this invention, since the manufacturing cost is small, a mass information record disk unit 
is offered cheaply. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, there is a problem that It is still difficult to make the property of the substrate 
after the chemical strengthening in chemical-strengthening down stream processing and a polish process into homogeneity, also 
with the chemical-strengthening technique of JP,7-223845,A. Furthermore, since the problem on which alkali ion eats a magnetic 
film away is not solved thoroughly, it is necessary to prepare the interiayer which prevents diffusion of alkali ion between a 
magnetic film and a glass substrate. Moreover, in order that a substrate may color it opalescence with the glass-ceramics 
technique of JP,7-300340 A translucency is low. and application to the substrate for information record media using light is 
difficult. Moreover, since a highly precise crystallization process is required, there is a problem that it is difficult to make the 
property of a substrate into homogeneity. 

[0007] moreover, the above — since after-treatment processes, such as chemical-strengthening down stream processing and a 
crystallization process, are required even when which approach is used, low-cost-izing is difficult. 

[0008] The object of this invention is to offer the glass substrate for information record disks which has sufficient mechanical 
strength, chemical stability, and light transmission nature, and can be manufactured in a short-time process. 
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MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned object, according to invention of the 1st of this invention, 
it is the glass substrate for information record disks with which the layer for recording information is prepared in surface [ at 
least / a part of], and the glass substrate for information record disks characterized by said substrate consisting of glass 
containing rare earth elements is offered. 

[0010] The magnetic medium layer prepared directly on the surface of a substrate, or indirectly [ the layer for recording the above- 
mentioned information ], the layer of the matter which causes a phase transformation by the exposure of light, Or if it is layers 
which information is recorded and can read the information, such as a layer of the matter which is recording information by 
preparing matter or a mechanical level difference etc. from which the reflection factor of light differs, this invention is applicable no 
matter it may be what thing. It is preparing between the layer for recording information for an interiayer (precoat film) etc. as 
preparing the layer for recording the above-mentioned information in a front face indirectly, and a glass substrate. For example, 
improvement in bond strength can be aimed at. or this invention is applicable even if it is a configuration for adding the object of 
controlling a chemical reaction. 

[0011] I hear that both sides of a disk disk side or one side is sufficient as surface [ at least / a part of], and a case as the layer 
for recording information only on a periphery and inner circumference side also in respect of the same further is prepared is 
sufficient as it. and it is. 

[0012] The glass substrate for information record disks which has sufficient mechanical strength, chemical stability, and light 
transmission nature, and can be manufactured in a short-time process by the above-mentioned configuration can be offered. 
[0013] In the 1st invention, it is desirable that the very fine particle is distributing on said glass, and said rare earth elements are 
contained in this very fine particle. 

[0014] There is an upper limit (solid-solution limit) in the amount of the rare earth elements which can melt during the glass 
organization which has the network structure, and if the rare earth elements of the amount exceeding an upper limit are added, it 
deposits in a glass host phase as a crystal phase or an amorphous phase. The particle which consists of such a crystal phase or an 
amorphous phase is called the very fine particle. Also when distribution of rare earth elements is an ununiformity, and a very fine 
particle deposits exceeding a solid-solution limit selectively, for a certain reason, the content of rare earth elements does not 
necessarily need to be over the solid-solution limit of host phase glass. As for rare earth elements, it is desirable to exist in both of 
a very fine particle the inside of a glass host phase. Moreover, as for a very fine particle, it is desirable that it is a crystalline 
substance. If whether it is a crystalline substance observes a lattice image for example, with a transmission electron microscope 
photograph, the part of a crystalline substance can be easily Judged fi^om plaid not being observed into the part of glassiness 
(amorphous) to plaid being observed. 

[0015] In order to carry out the operation to which a particle controls deformation of a glass host phase and destruction for stress 
also in the carrier beam case when the very fine particle is distributing in a glass host phase, the reinforcement of glass improves 
more. In this case, the particle currently distributed has [ to distribute to homogeneity ] the detailed and higher improvement 
effectiveness in on the strength. 

[0016] Moreover, in the 1st invention, said rare earth elements are oxide conversion of Ln 203 (Ln is rare earth elements), and it is 
desirable to contain 0.5 to 30% of the weight to the whole glass. Furthermore, it is desirable to make rare earth elements into 0.5 - 
20 % of the weight. The content of rare earth elements is 0.5. The improvement effectiveness of a mechanical strength is small at 
under weight %. It is difficult for the raw material powder of a rare -earth -elements oxide to remain at the time of the glass 
dissolution, if it exceeds 30 % of the weight, and to obtain uniform glass. Moreover, if ******** of rare earth elements is exceeded, 
the particle size of a very fine particle will become large, and the surface roughness of a substrate will become large. 
[0017] The fiying height of the magnetic head is more small, and it is desirable to carry out the content of rare earth elements to 
20 or less % of the weight to the magnetic disk drive of high recording density. 

[0018] In the 1st invention, it is desirable that they are at least one or more sorts as which rare earth elements were chosen from 
Gd. Tb, Dy. Ho. Er. Tm. Yb. and Lu. Since the ionic radius of rare earth elements is large, they tend to deposit in a glass host phase 
as a very fine particle. Also in rare earth elements, the above-mentioned element is the easiest to deposit a very fine particle in 
homogeneity in a glass host phase, and its improvement effectiveness in on the strength is high. 
[0019] As for the mean particle diameter of a very fine particle, it is desirable that it is 1-100nm. 

[0020] The rate of the volume of the grain child to whom mean particle diameter exceeds lOOnm increases, and the surface 
roughness of a substrate becomes large. The flying height of the magnetic head is more small, and it is desirable to set mean 
particle diameter of rare earth elements to lOOnm or less to the magnetic disk drive of high recording density. Moreover, when 
mean particle diameter is Inm or less, the strong improvement effectiveness is small. 

[0021] It is desirable that the above-mentioned very fine particle is 40% or less at the rate of the volume to the whole glass. 
[0022] It Is not desirable as the surface roughness of a substrate becomes large when the rate of the volume of a deposit particle 
exceeds 40%, and stated above. 

[0023] In the 1st invention, said rare earth elements are oxide conversion of Ln 203 (Ln is rare earth elements). Contain 0.5 to 20% 
of the weight to the whole glass, and 203:0 - 10 % of the weight of aluminum is included as other components 2:40 - 80 % of the 
weight of SiO(s), 8-203.0-20 % of the weight, R20:(R is alkali metal)0-20 % of the weight, and RO(R is alkaline earth metal):0-20% 
of the weight. And R20 It is desirable that the total quantity of RO is 10 - 30 % of the weight. In the above-mentioned glass, when 
the glass called soda lime glass is a host phase component, improvement in glass reinforcement is the largest. Moreover, in the 



silicate glass which the alkali element and the alkaline earth element contain, especially the addition effectiveness of rare earth 
elements is high. Although many of added rare earth elements dissolve in a glass matrix, some rare earth elements which cannot 
dissolve to the matrix of them deposit as a very fine particle of a crystalline substance. The solid-solution limit community to the 
matrix of rare earth elements, i.e.. the ease of carrying out of a deposit, changes with classes of matrix. As mentioned above, unless 
a very fine particle deposits to some extent, the reinforcement of glass does not improve enough. When the silicate glass which the 
alkali element and alkaline earth element of the above-mentioned presentation contain is used as a matrix, the glass substrate with 
which were satisfied of the reinforcement which is easy to deposit rare earth elements moderately, and is required of an 
information record disk, chemical stability, etc. can be manufactured. 

[0024] In the 1st invention, it is desirable that the permeabitity of the visible white light of said glass is 60% or more. In order to use 
it as a glass substrate for optical disks, it is necessary to control the amount of a deposit particle, and particle size so that the 
permeability of the visible white light is 60% or more. If permeability is less than 60%. it will decrease, in case the laser beam for 
recording information on a record medium penetrates the inside of a glass substrate, and the reduction in a S/N ratio etc. will be 
caused. 

[0025] In order to attain the above-mentioned object, according to invention of the 2nd of this invention, moreover, on surface [ at 
least / a part of] Even if it is the glass substrate for information record disks with which the layer for recording information is 
prepared, and the degrees of hardness of said substrate are 670 or more IHv(s) and the permeability of the visible white light 
performs 60% or more and heat treatment The glass substrate for information record disks characterized by concentration of an 
alkali element not taking place to a substrate front face is offered. 

[0026] By the above-mentioned configuration, sheet-metalHzing is possible and the glass substrate for information record disks 
with an unnecessary chemical strengthening can be offered after the grinding on the front face of a substrate. 
[0027] Moreover, it is the glass substrate for information record disks with which the layer for recording information Is prepared in 
surface [ at least / a part of ] according to invention of the 3rd of this invention, and the thickness of said substrate is 0.38mm. 
The glass substrate for information record disks which is the following and is characterized by concentration of an alkali element 
not taking place to a substrate front face even if the granularity on the fi'ont face of a substrate performs 5nm or less and heat 
treatment by Ra is offered. 

[0028] According to the above-mentioned configuration, sheet-metal-izing is possible and the glass substrate for information 
record disks with an unnecessary chemical strengthening can be offered after the grinding on the fi'ont face of a substrate. 
[0029] It sets to the 3rd invention and the diameter of the glass substrate for information record disks is 2.5. It is desirable that it 
is more than an inch. 
[0030] 

[Embodiment of the Invention] 

(Example 1) This invention is hereafter explained to a detail using an example. 

[0031] The blending ratio of coal (weight ratio) of the raw material of the glass examined by this invention and glass transition 
temperature (Tg/degree C), a coefficient of thermal expansion (alphax10-7/degree C). and micro Vickers hardness (Hv) are shown 
in a table 1. 
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[0033] It asked for glass transition temperature and a coefficient of thermal expansion from the thermal expansion curve of glass. 
The coefficient of thermal expansion was computed from the elongation percentage of the glass from 50 degrees C to 500 degrees 
C. The programming rate was set as a part for 5-degree-C/, and measuring load was set to 10g. Moreover quartz glass (coefHcient 
of thermal expansion; 5x10-7/degree C) was used for the reference sample. Moreover, the configuration of a sample was set to 
5mmphix20mmH. Ten micro Vickers hardness (Hv) was measured on the measuring load of 100g, and the conditions for load 
impression time amount 15 seconds, and was taken as the average. 

[0034] The glass production approach was carried out as follows. After having carried out weighing capacity of the raw material 
powder of the defined amount to the crucible made from platinum, putting it in and mixing, it dissolved at 1600 degrees C in the 




electric furnace. After the raw material fully dissolved, the churning feather made from platinum was inserted in glass melt, and was 
agitated for about 1 hour. The glass block was obtained by slushing and quenching glass melt after that to the fixture made from a 
graphite heated by about 300 degrees C in churning feather after putting for 30 minutes, ejection and. The block was reheated to 
near the glass transition temperature of each glass after that, and distortion and ** were performed by cooling slowly with 1-2- 
degree-C cooling rate for /. 

[0035] The glass of No.1 is glass which uses oxidation silicon as a principal component. This glass was considered as the basic 
presentation and the rare earth oxide was added to this 100 weight section. No.2-8 are glass which added the oxidization erbium 
(Er 203) which is one of the rare earth oxide one to 21% of the weight among a table 1. Although No.9 were glass which made the 
oxidization erbium contain 32% of the weight, it was difficult for the raw material powder of Er 203 to remain in glass at the time of 
the glass dissolution, and to obtain uniform glass. No. — 10, 11, and 12 and 13 — the glass 100 weight section of No.1 — receiving 
— Si02 And it is glass which was made to increase 20aluminum3 addition and was produced. 

[0036] The glass of No.1 4 is glass which was made to increase the content of aluminum 203 further, and added Er 203 10% of the 
weight. No. — while 15 or 16 glass makes the content of aluminum 203 increase further — Si02 The content was decreased. 
Moreover, it is ZnO and Ti02 as a crystallization component. It was made to contain and this was made to contain 10% of the 
weight of Er 203. The glass of No.1 7 is Na20. It is glass which made the amount the one half of No.1. added B-2 03. and added Er 
203 5% of the weight, furthermore. No. — 18 or 19 glass — Na20 It is glass which made the amount the one half of No.1 and added 
alkaline-earth-metal oxides, such as BaO and SrO. Moreover, the glass of No.20-23 is glass which is not making Er 203 of the 
glass of No.1 5-1 9 contain, respectively. 

[0037] Tg. alpha, and Hv of the glass which carried out the chemical strengthening of the glass of No.1 by the alkali permutation are 
shown in a table 2 as an example of a comparison. 
[0038] 
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[0039] A chemical strengthening is about 0.63mm. It was immersed into the 380-degree C potassium-nitrate solution for 40 
minutes, and the glass processed into the plate was performed. The thickness of a chemical-strengthening layer was about 20 
micrometers. Hv of chemically strengthened glass was 670. Since Hv of the glass before a chemical strengthening was 615. it 
turned out that Hv is going up about 9% by the chemical strengthening. Moreover, the coefficient of thermal expansion did not 
change with chemical strengthenings. Moreover, glass transition temperature rose a little. 

[0040] Based on the result of Hv of this chemically strengthened glass, the reinforcement of the glass shown in a table 1 is 
evaluated. When the additions of Er 203 were 1.0 % of the weight and 2.0 % of the weight (2 No. 3), although micro Vickers hardness 
was carrying out lifting to 621,635 compared with the glass of No.1, respectively, the amount of lifting was small and it did not reach 
the degree of hardness of chemically strengthened glass. The addition of Er 203 is 5.0. With the glass of No.3 of weight %. Hv is 673 
and it turned out that Hv of chemically strengthened glass is exceeded. With the glass of No.5-8 the addition of Er 203 was made 
to increase with 10 - 21 % of the weight furthermore, Hv went up further and was set to 683,707,712 and 722, respectively. 
[0041] The micro Vickers hardness to the addition of each oxide is shown in drawing 1 . The addition of an axis of abscissa was 
displayed by mol % of the oxide containing two cations. Namely, Si02 As Si 204. Er 203 and aluminum203 were taken as the 
display by oxide conversion as it is. As shown in drawing 1 , with the glass which added Er 203, Hv was going up almost lineariy to 
the addition. 20Er3 addition — 0.013-mol% (5.0 % of the weight) — it became more than Hv of chemically strengthened glass above. 

[0042] although the inclination for Hv to go up on the other hand also in Si 204 and the glass (No.8-11) which added aluminum203 
was seen — the amount of lifting — small — more than 0.05mol% — even if it added, the level of chemically strengthened glass 
was not reached. 

[0043] Change of the coefficient of thermal expansion to the addition of each oxide is shown in drawing 2 . With the glass which 
added Er 203, the coefficient of thermal expansion also rose with lifting of an addition. Since the coefficient of thermal expansion of 
an information record-medium layer was large, matching with an information record-medium layer was good by lifting of the 
coefficient of thermal expansion of a substrate. 

[0044] As mentioned above, when Er 203 was added, Hv was able to be raised greatly. The content of Er 203 besides the example 
shown in a table 1 is 0.5. Most lifting of Hv was not seen under by weight %. Therefore, Er 203 is 0.5. It is desirable that It is more 
than weight %. Moreover, when it was made to contain exceeding 30 % of the weight, the oxide made to contain did not dissolve into 
glass, but became an ununiformity. As for the content of this to Er 203. it is desirable that it is 30 or less % of the weight. 
Moreover, Si02 considered to raise other mechanical strengths Although the amount of lifting of Tg was almost comparable when 
the component and the amount of lifting of Hv and Tg which are called aluminum 203 were measured, it was more effective to add 
Er 203 about lifting of Hv. Also in the glass to which 20aluminum3 content of No.1 4-1 6 was made to increase, Hv improved rather 
than the glass of No.20-22 which did not make Er 203 contain. No. — when 15 or 16 glass was heat-treated at 900 degrees 0, the 
crystal grain child deposited in glass and glass became translucent. When Hv was measured in this condition, compared with 
760.720 and heat treatment before, Hv was large, respectively. At No.1 7-1 9, it is Na20. The content was decreased to the amount 
of the one half of No.1. Therefore, since it was possible that characteristic temperature rises, specified quantity content of B-2s 
03, BaO, and SrO which are low melting point-ized components was carried out. In these glass, it is 5.0. Er 203 of weight % was 
made to contain. In any case, compared with the glass of No.23-25 which are not making Er 203 contain, Hv improved greatly. 
[0045] Next, the three-point bending strength test of chemically strengthened glass (No.1 2) was performed for the glass of No.1, 
the glass of No.5. and a comparison, a table 3 — the average (sigma/MPa) of three-point bending reinforcement — it is shown. 
[0046] 
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[0047] Assessment is 0.63mni in glass thickness, width of face of 2mm. and die length of 3mm. It carried out using the test piece. A 
lower span is 1.2mm. It carried out. The number of test pieces (n) was set to 20 also with each sample. If the added load is set to 
w. the three-point bending reinforcement sigma (MPa) will become sigma= (3lw/2at2). Here, they are an I; lower span, the width of 
face of a; test piece, and the thickness of t; test piece. The three-point bending reinforcement of an average of the glass of No.1 
was 328MPa(s). It is Er 203 10.0 With the glass of No.5 weight % content of was done, reinforcement of average three-point 
bending reinforcement was improving about 19% with 391, and it had reinforcement equivalent to chemically strengthened glass 
(No.26). 

[0048] in order [ next, ] to examine the mechanism of the improvement in a mechanical strength by making a rare earth oxide 
contain — a transmission electron microscope — No.1- the microstructure of the glass of 8 and 10 was observed. 
[0049] The glass which reaches and does not contain the rare earth oxide of 10 was a homogeneous amorphous state No.1. On the 
other hand, with the glass of No.2-8, the detailed particle of nano order deposited in the amorphous glass matrix. Observation of a 
high-res oliftion image showed that these particles were crystalline substances. Thus, in the glass containing a rare earth oxide, the 
particle was observed and the degree of the improvement in a mechanical strength was large. On the other hand with the glass 
which made the aluminum203 grade contain like the glass of No.10. the particle was not observed In glass, but the degree of the 
improvement in on the strength was also small. From this, it is thought that reinforcement improved by existence of this very fine 
particle. 

[0050] The particle size of this microcrystal particle changed with 20Er3 contents. The mean particle diameter of the particle 
produced on each glass and the permeability of the white light are shown in a table 4. 
[0051] 
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[0052] Moreover, the relation of the mean particle diameter of the microcrystal particle to 20Er3 addition which deposits, and the 
permeability of glass is shown in drawing 3 and drawing 4 . Mean particle diameter was rising in proportion to the 2nd [ about ] 
power of 20Er3 addition. Permeability decreased in proportion to negative [ of 20Er3 addition ]. Although the permeability of the 
white light was efficient at 60% or more and record playback was performed when the permeability of light and the effectiveness of 
optical information record were investigated, record playback with a well head was not able to be performed at less than 60%. 
Therefore, as for the permeability of the white light, it is desirable that it is 60% or more. The mean particle diameter of the glass of 
No.1 6 was 51 nm. and the rate of the volume of the particle calculated from a TEM photograph was 22%. From these things, If mean 
particle diameter exceeds 50nm, the rate of the volume of a particle will increase and the permeability of the white light will 
decrease. For this reason, it is not desirable, if 20Er3 content exceeds 16 % of the weight, the mean particle diameter of a deposit 
particle exceeds 50nm and the rate of the volume of a deposit particle exceeds 20% further. 

[0053] Next, it inquired by making the glass of No.1 contain various rare earth elements. The class of added rare earth elements 
and the glass transition temperature (Tg) of the obtained glass, a coefficient of thermal expansion, and micro Vickers hardness (Hv) 
are shown in a table 5. The relation between Hv and Tg in the rare earth elements added to drawing 5 and drawing 6 is shown. The 
oxide of Ln 203 performed addition. The addition was made into 0.026-mol% also with each oxide. The production approach of glass 
and the measuring method of a property are the same as that of a table 1 . 
[0054] 
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[0055] It was going up, even when micro Vickers hardness was seen, and which rare earth elements were added. When the amount 
of lifting was seen, the direction at the time of adding the so-called heavy-rare-earth element by the side of a heavy element from 
Gd 203 was large. The value of those degrees of hardness was 680 or more, and was larger than Hv of chemically strengthened 
glass. On the other hand. In the case where the light-rare-earth element from Sc 203 to Eu 203 is added, it was less from the 
level of chemically strengthened glass 650 order 

[0056] In the case of every element, glass transition temperature was fixed at about 585 degrees C. The range of a coefficient of 
thermal expansion was 81.6 - 92.2x1 0-7/degree C. and matching with an information record-medium layer was good. As a class of 
rare earth elements to add. Gd, Tb. Dy, Ho. Er, Tm. Yb. and Lu are more desirable than the above examination. 
[0057] When the structure of glass of No.21 containing Gd 203 was observed by TEM, the same microcrystal particle as the glass 
which added Er 203 was observed. Mean particle diameter was 1 5nm. 

[0058] Next, the presentation of mother glass was considered. Si02 At less than 40 % of the weight, since a mechanical strength 
and chemical stability were spoiled, a content was not desirable. Moreover, Si02 When the content exceeded 80 % of the weight, 
melting nature fell and many striae occurred. Moreover, the coefficient of thermal expansion became small too much, and was 
unsuitable as glass for substrates. As mentioned above, Si02 As for a content, it is desirable that it is 40 % of the weight - 80 % of 
the weight. 

[0059] When **** glass was made to contain B-2 OS, it excelled in the fluidity and the glass of a proper coefficient of thermal 
expansion was obtained. However, when the content exceeded 20 % of the weight, the effectiveness of the improvement in a 
mechanical strength by rare earth content became small. For this reason, as for the content of B-2 03, it is desirable that it is 20 
or less % of the weight. 

[0060] Next, the alkali-metal oxide was examined. When the sum total of the content of an alkali-metal oxide (Li20, Na20, K20) 
exceeded 20 % of the weight, chemical stability fell. As for the sum total of the content of this to an alkali-metal oxide, it is 
desirable that it is 0 - 20 % of the weight. Furthermore, when it exceeded 20 % of the weight similarly about the aikaline-earth-metal 
oxide, chemical stability fell. As for the sum total of the content of this to an alkaline-earth-metal oxide, it Is desirable that It is 0 - 
20 % of the weight. 

[0061] Although the same effectiveness was seen in the semantics which makes glass form into the low melting point, the total 
quantity of the fluidity was bad at less than 10 % of the weight, and the stria generated many alkali-metal oxides, alkaline-earth- 
metal oxides, and B-2s 03. Moreover, when it exceeded 30 % of the weight, chemical stability fell. As for the sum total of the 
content of the alkali-metal oxide from this, an alkaline-earth-metal oxide, and B-2 03. it is desirable that it is 10 - 30 % of the 
weight. 

[0062] Moreover, although it was effective for making the mechanical strength and chemical stability of glass increase, the fluidity 
of glass fell and aluminum 203 was not desirable, when the content exceeded 17 % of the weight. Therefore, as for the content of 
aluminum 203, it is desirable that it is 17 or less % of the weight. 

[0063] Moreover, since raw material powder remained in glass at the time of the glass dissolution if it exceeds 30 % of the weight, it 
was difficult for the content of a rare earth oxide to obtain uniform glass, and it was not desirable. The effectiveness of 
improvement in a mechanical strength was acquired by addition of such a little rare earth oxide that there is little sum total of the 
content of an alkali-metal oxide. When the total quantity of an alkali-metal oxide and an alkaline-earth-metal oxide was 10 % of the 
weight, improvement in a mechanical strength was found for the addition of a rare earth oxide even at least 0.5% of the weight. 
However, 0.5 The effectiveness of the improvement in a mechanical strength was small at under weight %. Therefore, as for the 
content of a rare earth oxide, it is desirable that it is 0.5 - 30 % of the weight. 

[0064] The glass substrate of this invention has obtained sufficient reinforcement by having added rare earth elements. Therefore, 
with the conventional glass substrate, the required chemical strengthening can be performed as it is unnecessary. That is, it is 
characterized by there being no compression consolidation layer which made the glass front face produce residual stress. The 
existence of a surface compression consolidation layer irradiates a laser beam from a fr-ont face, and can be measured by the 
approach of carrying out the spectrum of the reflected light using prism. When the glass substrate of this invention was measured 



by the above-mentioned approach, there is almost no residual-stress difference in the interior of a glass substrate and a front face, 
namely, it was checked that there is no surface stress layer. 

[0065] Next, the actual substrate was produced using the glass of an example and the property was evaluated. The glass of No.1 , 
and 5. 7. 8. 18 and 35 was used for glass. Moreover, the chemically-strengthened-giass substrate of No.26 and the Si02' 
aluminum203-ZnO-MgO-RO system glass-ceramics substrate shown in a table 6 were evaluated as an example of a comparison. 
[0066] 
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[0067] The produced glass substrate is 65mmphi and 0.635mmt. It earned out. The permeability of the water resisting property of 
the obtained substrate, thermal resistance, surface roughness, and the white light is shown in a table 7. 
[0068] 
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[0069] A water resisting property is immersed in 80ml of 70-degree C hot pure water in a substrate for 20 hours, detects the total 
alkali and the amount of alkaline earth elements which were eluted the inside of pure, and is ppm about a total elution volume. It 
displayed. Thermal resistance heated the substrate at 350 degrees C among the vacuum, and carried out secondary ion mass 
spectroscopy of the surface section after that. What diffusion of alkali ion was regarded as by the surface layer was displayed by 
and what was not seen was displayed by O. Average surface roughness Ra (A) estimated surface roughness using the surface 
roughness meter. Moreover, permeability irradiated the source substrate ft-ont face of the white light, and it asked for it by the 
intensity ratio of incident light and the transmitted light. 

[0070] When the water resisting property was seen, there were few amounts of elution alkali and it was good at No.1. and 5. 7, 8, 18. 
35 and 43. In the chemically strengthened glass of No.26. there were many elution volumes of alkali and they were not able to say it 
as fitness. 

[0071] In the heat resistance test, it turned out similariy with the chemically-strengthened-glass substrate of No.26 that many 
alkali elements were detected by the surface layer and migration of ion has taken place. As mentioned above, in the glass substrate 
which carried out the chemical strengthening, it was easy to produce migration of an alkali element, and thermal and chemical 
stability was good in the glass substrate of this invention to having been unstable. 

[0072] Next, when surface roughness was seen, in the glass substrate of No.1, and 7. 18, 5, 35 and 26, Ra=4-5A and good smooth 
nature were obtained, on the other hand — No. — with 8 or 43 glass, it became Ra=9-10A and a big value. 
[0073] The permeability of the white light was as good as 67 - 95% at No.1. and 7, 5. 18. 35 and 26. No. — with 8 or 43 glass, 
permeability was as low as 58 or 15%. 

[0074] It investigated about the relation of the deposit condition of surface roughness and a particle. With the glass of No.7, the 
content of Er 203 was 16 % of the weight, and the mean particle diameter of the particle which deposits was 51 nm. Moreover, the 
rate of the volume of a particle was 40%. At this time, permeability was 67%. On the other hand, with the glass of No. 8, the content 
of Er 203 was 21 % of the weight, the mean particle diameter of the particle which deposits was 103nm, and the rate of the volume 
of a particle was 72%. Moreover, permeability was 58%. At this time, surface roughness is 10.0A at the glass of 5.0A and No.8 with 
the glass of No.7. 2 double front face was coarse. Thus, it turned out that 20Er3 content exceeds 20 % of the weight, and mean 
particle diameter exceeds lOOnm, surface roughness is coarse and permeability is inferior to smooth nature in it at less than 60%. 
[0075] As for the content of the rare earth oxide of the above thing to Er203 grade, it is desirable that it is 20 or less % of the 
weight. As for mean particle diameter, it is still more desirable that It is lOOnm or less. Moreover, as for permeability, it Is desirable 
that it Is 60% or more. If the above conditions are fulfilled, smooth nature small enough can be obtained. 

[0076] The magnetic film was formed in the eight above-mentioned kinds of glass substrates, the magnetic disk was produced, and 
the property was evaluated. The film configuration of the produced magnetic disk is shown in drawing 8 . drawing 8 — setting — 1 - 
- for Cr substrate film and 4. as for C protective coat and 6. a CoCr system magnetic film and 5 are [ a glass substrate and 2 / Cr 
precoat film and 3 / an etching texture and 7 ] lubricating film. 

[0077] 50nm and 50nm of CoCr system magnetic films were formed [ Cr precoat film ] for 25nm and Cr substrate film after washing 



the magnetic glass substrate of 65mmphi. The etching texture was given for the carbon protective coat after lOnm formation. After 
tape cleaning, lubricating film 7 was applied and it considered as the magnetic disk. In addition, membrane formation was given to 
substrate both sides. Then, the existence of the pervasion situation by the aikali of the magnetic film of a magnetic disk and film 
peeling was evaluated. The magnetic disk drive was produced using this magnetic disk. The schematic diagram of the magnetic disk 
drive produced to drawing 10 is shown. For a revolving shaft and 10, as for the magnetic head and 12, in drawing 10 . a spindle 
motor and 1 1 are [ the magnetic disk which showed 8 to drawing 8 , and 9 / a magnetic-head revolving shaft and 13] the output 
terminals of an electric system. The revolving shaft 9 was equipped with the magnetic disk 8 of six sheets in equipment. The 
magnetic head 1 1 was allotted to each two substrate both sides. The control system etc. was connected and it considered as the 
magnetic disk drive. The head flying height under magnetic-disk revolution could be 40nm. 

[0078] Record reproducing characteristics were evaluated using this magnetic disk drive. An alkali pervasion situation, film peeling, 
and record reproducing characteristics are shown in a table 8. 
[0079] 
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[0080] The alkali pervasion situation made ** O and 5% or more of case, when the percentage of a magnetic disk that pervasion 
was seen among the obtained magnetic disks was less than 5%. Rim peeling was evaluated similariy. Record reproducing 
characteristics displayed the good thing by O, and displayed the not good thing by The magnetic disk of this invention had little 
alkali pervasion and film peeling, and its record reproducing characteristics were also good. In the chemically strengthened glass of 
No.12, alkali pervasion and film peeling were seen notably, and it was not desirable. Moreover, although alkali pervasion, film peeling, 
etc. were not seen, its record reproducing characteristics were not good at glass-ceramics No. 29. Next, the glass substrate was 
produced using various glass of this invention, and the shock-proof trial was performed. The shock-proof trial formed the magnetic 
film, the protective coat, etc., produced the magnetic disk of the membrane structure shown in drawing 8 , and evaluated it by the 
process same to both sides of a glass substrate as the above-mentioned using this disk. The test method fixed the produced disk 
to the fixture, and performed it by making a dummy head collide with a disk with an accelerator, this trial — one kind of magnetic 
disk — receiving — 30 points — carrying out — a crack — applying — etc. — the frequency of the point out of which the defect 
came estimated. No. 1-5 of a table 1 and the glass of 14, 18, 23, 24, 25, 26, and 43 were used for the glass for substrates. A test 
result is shown in drawing 7 . The defect frequency [ according / an axis of ordinate / to an exam ] according [ an axis of 
abscissa ] to Hv of each glass was displayed by %. By the degree of hardness not more than it. the defect was seen for the degree 
of hardness of glass bordering on 670. and the amount rose as the degree of hardness fell. Moreover, the defect in an exam was not 
seen or more by 670. With [ a glass substrate degree of hardness ] 670 [ or more ], fi^om the above thing, the magnetic disk which 
can be equal to a shock-proof trial is producible. 

[0081] The optical disk and the optical disk unit were produced similariy. When the glass substrate of this invention was used, there 
was also almost no film peeling of a record-medium layer, and it was efficient and record playback was able to be carried out. 
[0082] As mentioned above, the information record disk of this invention was excellent in chemical stability, and there were also 
few defects, such as film peeling. Moreover, the record reproducing characteristics of an information record disk unit were also 
good. Since neither chemical-strengthening processing nor crystallization processing was furthermore performed to a glass 
substrate, a disk and equipment were producible to low cost. 

[0083] (Example 2) The magnetic disk of the configuration shown in drawing 9 using the glass substrate of this invention was 
produced. Thickness of a substrate was set to 0.38mm. Moreover, the glass of No.5 which have not carried out chemical- 
strengthening processing was used for glass. Moreover, the precoat film usually given was not formed but the direct magnetic thin 
film was formed on the glass substrate, the surface roughness of a glass substrate — Ra=4.0A it was . The magnetic disk which 
used as the substrate the soda lime glass which performed alkali consolidation processing as an example of a comparison, the usual 
soda lime glass which has not performed alkali consolidation processing, and crystallization glass was also produced. 
[0084] The caustic embrittiement of reinforcement, smooth nature, and a magnetic film and the assessment result about magnetic 
properties are shown in a table 9. ** estimated what cannot say a property for a good thing with O and fitness. 
[0085] 
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[0086] With the magnetic disk of this invention, reinforcement is high and it is 0.380mm. Reinforcement sufficient also by thinness 
was obtained. Moreover, smooth nature was also good. Even if the corrosion of a magnetic film was not seen, either and it did not 
form the precoat film, a magnetic film did not deteriorate. Moreover, since smooth nature was good, the flying height of the 
magnetic head could also be set to 30nm or less, and magnetic properties were also good. 

[0087] With the soda lime glass which carried out chemical-strengthening processing, as a result of the alkali component of glass 
eating a magnetic film away since there is no precoat film although the high mechanical strength was obtained, many things in which 
the alkali component has adhered to the floatation side of the magnetic head after a system sliding trial were seen. Moreover, that 
in which the magnetic film has exfoliated after sliding was also seen. On the whole also in the magnetic disk with which a defect 
was not seen, magnetic properties were falling. The magnetic disk of reinforcement using the soda lime glass which has not carried 
out a chemical strengthening was inadequate. In glass ceramics, surface roughness was large, since smooth nature was not good, 
the flying height of the magnetic head was large, and sufficient magnetic properties were not acquired. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 Change of the micro Vickers hardness to Er 203, aluminum203, and 20Si4 addition. 
[Drawing 2l Change of the coefficient of thermal expansion to Er 203, aluminum203, and 20SI4 addition. 
[Drawing 3] Change of the mean particle diameter of the microcrystal particle to 20Er3 addition which deposited. 
[Drawing 4] Change of the permeability of the white light over 20Er3 addition. 
[Drawing 5] Change of the micro Vickers hardness when adding each rare earth oxide. 
[Drawing 63 Change of the glass transition temperature when adding each rare earth oxide. 
[Drawing 7] Relation between a substrate degree of hardness (Hv) and a percent defective. 
[Drawing 8] The film block diagram of the magnetic-disk substrate produced by this invention. 

[Drawing 9] The film block diagram of the magnetic-disk substrate produced in the another example of this invention. 
[Drawing 10] The schematic diagram of the magnetic disk drive produced by this invention. 
[Description of Notations] 

1 [ — A magnetic film. 5 / — A protective coat, 6 / — An etching texture. 7 / — Lubricating film, 8 / — A magnetic disk, 9 / — A 
revolving shaft, 10 / — A spindle motor. 11/ — The magnetic head, 12 / — A magnetic-head revolving shaft. 13 / — Output 
terminal of an electric system. ] — A glass substrate. 2 — The precoat film, 3 — The substrate film. 4 
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[Drawing 7] 
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[Procedure amendment 1] 

[Document to be Amended] Description 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] It is the glass substrate for information record disks with which the layer for recording information is prepared in surface 
[ at least / a part of ], 

The glass substrate for information record disks characterized by said substrate consisting of glass containing at least one sort of 
rare earth elements chosen from the group of Sc. Y. La, Pr, Nd. Pm. Sm, Eu. Gd, Tb, Dy. Ho, Er. Tm, Yb, and Lu. 
[Claim 2] The glass substrate for information record disks characterized by for the very fine particle distributing on said glass 
according to claim 1 . and containing said rare earth elements in this very fine particle. 

[Claim 3] Said rare earth elements according to claim 1 are glass substrates for information record disks which are oxide 
conversion of Ln 203 (Ln is rare earth elements), and are characterized by containing 0.5 to 30% of the weight to the whole glass. 
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i^mitiz^i^^. mmt^mmmf)^^^mmLxi^^. mpl 

5. 2.5, 1.8. ^ >^m<D^\^m^n.y'^ 7.^m^f>^ 

X^SISiP^ ^> 0 . 6 Smm I^JlT <i: 1^ < t'j: o T -6 . 
[0 0 0 3] tie5f50lK^5^>r X^fflS^trt^, r;u^::i 

WLm^m<D±^\.^:^^ 7m^(Dm^f)^mtb'^nxi^^o 
z(Dij^xmw^. m^^i^\zm^ii.i)^m^^ti^^m 

m^^x^, ^5"^ m(Dm^tLx^mi^^ c ^f)^ 

50 [0 0 0 4] mtE. ^^mnm^y"^ 7^m:^5^7.mwL 



3 

mm^zT)\^ti 0 ^ :t >y)m^m^m(Dm<Dmmx.mmiz 

4^^^7 - 223845 ^^^Tt^. it^^^tm. ^^\Zit^ 

mm^m-rc^^z^-oxit^mm^i^^zmnrcit^mt 
[0 0 0 51 ^^Bitis^7.x}t. ^c^mm^m, 

\^(Dn±m(oi&T^zn^-t^<Df)mvf)^^rz. 

4#^¥7 - 300340 ^i:^^-tf{^, J^^B)hlTO^M^ 5 - 1 

0 0 nmtmmit't^ctiz^oW'mii^\^±^-ttx\^^ 

[0 0 0 6] 

845 ^{^>n(Dit^^it^WlXh. {b^!^{bMSXg :B 

^ <t:^5^<b R D -fe X ^ SIS CD #14 ^ S 

n;^i^/!:a6, mi^m^ii ^ 7.mm<Dm\z7 'J ^ :t > 

w^7-3oo34o ^^j>mo)i^^itis ^ :^^mx\t. mwLf)^ 

%&^\zm^'r^rzsbmyt^f)m<. ^^mi^^r^mmtE 

-r a co?&«^ b <h ^ Po^jgT&^^s. 
[ 0 0 0 7 ] ^fz. ±m^^'rn(D:^m^m\^^rzm'^x 

[0 0 0 8] ^^m<DB&i}\t. '\'^^mm&ti^m, it^ 

it'^mt^mnf^^'f ^ 7. ^ ^ T.^WL^^mt ^ z. ii 

[ 0 0 0 9 ] 

:*:^H^<Z)^ 1 O^H^tC J:nt^, ^ ® CD < <i: t> - 

^fi5fc, mm^mm-r^tzitxDmff^nn^n^m^mmy' 
^ 7.{7mi5^7.mwLx^'^x. m^mwLf)^^±myx:m^ 

[0 0 10] ±.^mmL^^m^ ^tz^(Dm mwLoy 

^m\zm.\^. ^rz\t.f^mm\zmn^tirzm^m^m. % 
(Dm^\z^n^^m^u^-^m^<nm. ^^^^\xit<DE. 
^^<Ty%u^i^m'^tz\%mw,m^^m.m^w\^ ^ z. tL\z 
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4 

ii(D<t:of^^<Dx$>'oxt>. ^^^f)mmx^^. 
±mmn^^mr^rzisb<Dm^mm\zm^m\zmn^t 
\t. ^mm (yun-hi^) m^. mm^^m-r^rzsb 
(Dm^iJ^7.mm(Dm\zm^'f^ctx$>^. m^^t. 
m^m(Dm±^m-orzo. it^^uK^t^^mmr^r^d 
<Dmm^^m'r^rzisb<Dm^x$>'ox^. ^mmf>mm 

[0 0 11] mim<D<}^U< t^-^t.\t. y"^ X^F]^ 

i^mm. [^mm<D^\zmm^um'r^rzi!b(Dmf)m^'f^ 
nri^^^cfc^/ccJ^^-cfe^i^ivo z:lx$>^. 
[0012] ±Bd.m^\z^ 0 , -f-^ummm^m, it^ 

[0013] mi (D^BM^z^i^x. mB^is^7.{zmmi& 

20 [0 0 1 4] mmmm^m-r ^ 7sm^^^^zmn}^ts 
zi t(DXB ^f^±m7tm(Dmiz\'X±m immm) ■ 

ffi, ^rzm^^nnii\^xi5^7sni[^^\zm^t^. c 

(D^ou^^mm. ^rz\t$^¥Bmm:^^^u^'i^^^mmi^ 

m^&^\zj^mwi^m^xmmi^'Ff)^mm'r^m'^h^^ 

mm^m^x\.^^iZ^mi:i^u^^o ^±m7cm\t. ii^xm 
n^^i. mmi&^(D^t>^\zhW^'r^z.^iy)m^v 

(DizML. ii^T^n (^^^M) <DU^\z\^i^^mf)m^ 

^tif^\^^ct.f)^ibmw^f\znmx^^. 

[0 0 15] Wimi^=Fii^i^ ^ 7smn^\Z^%LVX\.^^Z. 

t.\z^K^. jit^ti^^nrzU\z^i^^i^i5^7nn<D^ 
fl^. ^m^mm-t^a^m^'^^rzib. :^^x<D^my)^^ 

40 [00 16] ^fz. mi<D^m\z^i^x. m$^^±m7c 

^X^^tc^LTO.S -3 0SS%^W*rSiI 

ti^ ^ xmmm\z^±mytmmit^(DmniB^i)m 
50 [0017] mm^^y \^(Df^±mi>^^ o < , isia^ 




5 

Tb. Dy. Ho. Er, Tm. Yb, RZShu<D^fj^ 

[0019] mmik'f-O^^i^m.miit 1-100 nmT^ 
[0 0 2 0] Wi^m.mf)^l 0 O nm^mpL^izmi^<Di^ 

^fc^tuTn. ^±m7tm(D^mf^m^ i o o nm^r 

[ 0 0 2 1 ] ±mwLmi&.T^^:^^>^±i^\z^i.x. 
[ 0 0 2 2 ] mihi^T-(Di^mm^^4 0 x^m^^tmwL 

[0 0 2 3] ^ 1 O^^fCiSl^T, mffB^±^7C^«L 

JCMLTO. 5-2 oms%^WL/, m<D^^^LX s 
i Oi : 4 0-8 Ofig%. B» O, : 0 -2 OSS%, 

R,0 {R\t7)l't}^J^m) :0-20aa%. RO 
(RfSr;i/:^ U±^^M) :0-20fifi%. Al 

:0, : 0 — 1 Omm%^^^. f}^'DRtO tRO<D^BY 

ST^fM 0-3 0aS%T^SC«!:;5^ifi:*bV^o ±fB:tf^ 

i^v^o ^J!lPb/::*±ii7c:^co^< ti, ^ X h U i> 




4 ) 1 0 - 8 3 5 3 1 

6 

[0 0 2 4] mi(o^m\z^\^^x. Htri2:^^x<^pi^a 
^ 7s^m(ryi^'y7.^^t.\.x^m't^tz^\z\x. pj^e 

^(h, ^mi%mzmn^^m^^tz^<r>\^-^%ti^'n'7 

10 [ 0 0 2 5] ^tz.. ±IBga<J^^fi^-r^/tfi6, ^^^CD 

IE -r s i6 (o g ^ ^ n ^ If ffi IS ^ 5^ >f X d7 ffl :^ ^ 

XSIST^oT, mflBS^cD^^T^j^H V 6 7 0 e^Ji-e^ 

€:ffoTfe, mwL^m\zy)\,iiy}itm<om^ti^^^^is. 

[ 0 0 2 6 ] ±ie^fi^lcj:0, ^^fb:0^^flg-C?, 

20 ^X^^Tjt^^^T^^o 

[ 0 0 2 7 ] *^ejcD^ 3 co^B^Jl J;n^^. ^® 

cDiP$7)^0, 3 Slum (om $ 7)^ 

RaTSnmJ^T. T^^^Ol^^jaJl^ff o T t> , SlS^^fC 

fs^5^>r xii7ffi:tf ^xsiS}O^M#t$ns. 

[ 0 0 2 8 ] ±fS^^{C ctnt^, mWL\)Lif^'^^X . ii^-D 

^w.^m(jymmmz\\L'^m{\Lti^^m:f^mmL%^mL'T ^ x^ 

30 mi^^yTs^Wiiim^X'^^. 

[0 0 2 9] ^3(Z>^^{Ci30iT, -ft^iagiT^^ X^/H 

[ 0 0 3 0 ] 
[^^^O^JgOJ^Si] 

[ 0 0 3 1 ] ^ 1 (c4!:^igT«^f^LAc:^^X(DIi^^sf<z)gB 
40 (a X 1 0' VC) , •TY^ah:«y:^-xfl$ 

(H v)^^-r. 

[0 0 3 2] 
C^i ] 
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No. 


G -fr 81 <M m It) 


T 0 


a 


Hv 


S i 


C a 0 


A 1 2 Os 


M 9 0 




B a 0 










E r2 O9 




7 2. S 


8. 0 


1 . 4 


4. 1 












^ *rmV 


0. 0 


5 5 0 


8 5.0 


6 15 




7 2.5 


3. 0 


1 . 4 


4, 1 














1.0 


5 6 0 


6 8.6 


6 2 1 




7 2.5 


8. 0 


1 . 4 


4.1 












1 4« 0 


2 . 0 


5 5 8 


9 0. 2 


8 3 5 




7 2.5 


B . 0 


1 . 4 


4. 1 












I 4. 0 


5. 0 


3 8 5 


9 1.3 


5 7 3 


5 


7 2.5 


8.0 


I - 4 


4. 1 












L 4a 0 


1 O. 0 


5 8 2 


9 2.2 


6 8 3 


Q 


7 2 . S 


B. 0 


1 . 4 


4. 1 












1* 


15.0 


5 9 0 


9 3.0 


7 0 7 




7 2.5 


8.0 


I . 4 


4. 1 












L 4. 0 


1 9 ■ 0 


5 9 8 


9 3.5 


7 12 




7 2.5 


a. 0 


1.4 


4. 1 














2 1.0 


BOB 


9 3.8 


7 2 2 


Q 


7 2.5 


8.0 


1.4 


4. 1 












1 4. 0 


3 2.0 








1 0 


7 5 . d 


8. 0 


1 . 4 


4. 1 












1 4 0 


0 0 


5 6 3 


8 5.4 


6 13 




7 9.5 


8. 0 


1 . 4 


4. 1 












1 4 . 0 


0. 0 


3 7 0 


8 7.0 


5 17 


1 ^ 
i 7 


7 2.5 


8.0 


4 . 4 


4 . 1 












1 ^' ^ 


0* 0 


5 7 2 


9 0.3 


0 2 7 


1 3 


7 2.5 


B. 0 


B. 4 


4. 1 
















5 8 3 


9 0. 6 


6 4 2 


1 A 


6 7.6 




14.5 














17.7 


10-0 


5 3 0 


9 6.6 


7 9 2 


1 5 


5 0. 0 


B-O 


I 6. 5 


7. 0 








6.5 


14,0 




1 0.0 


545 


1 1 0.0 


720 


1 6 


4 0. 0 


1 0.0 


1 7. 0 


10.0 








7. 0 


16.0 




1 0. 0 


5 2 0 


12 6.5 


7 0 6 


1 7 


7 2.5 


a.o 


L. 4 


4. 1 


7.0 










7.0 


5. 0 


5 9 4 


9 9.9 


7 2 1 


1 a 


7 2. S 


8. 0 


L. 4 


4. 1 




1 5. 2 








7.0 


5, 0 


605 


7 6.9 


6 8 6 


1 9 


7 2.5 


e. 0 


1.4 


4. 1 






1 0. 3 






7. 0 


5. 0 


6 17 


7 8. 0 


6 8 5 


2 0 


5 7.8 




14.5 














17.7 




5 2 0 


9 5.4 


7 3 5 


2 1 


50.0 


6.0 


16.5 


7. 0 








6.5 


1 4. 0 






5 2 1 


1 0 3.0 


6 5 2 


2 2 


4 0.0 


10.0 


17.0 


1 0. 0 








7.0 


1 6. 0 






5 02 


12 2.4 


6 3 4 


2 3 


72.5 


8.0 


1.4 


4. 1 


7.0 










7.0 




5 94 


5 7.0 


7 10 


2 4 


7 2.5 


8.0 


1.4 


4. 1 




15.2 








7.0 




5 88 


7 7.9 


6 44 


2 5 


7 2.5 


6.0 


1.4 


4. 1 






10.3 






7.0 




S »7 


7 2.0 


5 9 7 



m 



x:/^. ^'j^^^Mti 1 0 g ^ LAco ^r^m^um\z\t,^ 

^i5^7s mmm^Wi ; 5 X 1 o '/r) ^ffit^;to S 

\iy^-7.m^ (H v) fi, m^^m 1 0 0 g. mm^ 

[ 0 0 3 4 ] :y ^Xf^®i:^?itl-^TcOi*> 0 Lfco ^ 

n. fi^ufc^. mm^^^xi e 0 ox:xmmvti. n 

[0 0 3 5] No. 1 (Dr^^xji, mit^m^^^^t-r 

omm^\znhx^±mmit^^mmLrc. ^1^, n 
0. 2-'8ti, ^±mmit^(D-'^x$>^mit:iij\^\i^Ms 
(Er:0,) ^i--2 imm%mmvrziS^7.x$>^o 



No. 9 «^{t:x>>i'H«::7A* 3 2mm%'^^^'tttiiS^7. 

20 x^^f)^. E r ,o,<Dmmm^^^is^xmmmiz^^x 

0. 10, 115:^12, 13{i, No. 1(D;^^X100 

[0 0 3 6 ] No. 1 4 <0:tf ^^fCAlrO.cD^ 
X^^o No. 15. 16<Z):tf^X«, MtCAltO,©^ 

mm^mm^'tt^tth^z, s i o, (D^^m^M.'p-^ 

itfz. ^fz. f^^it^^tVX. ZnO, T i O, 
30 crnfC 1 oa«%OE Fi O, N 

0. 1 7 <7):tf ^XtiN a, O S$:No. 1 (^¥^<*: b, B, 

o.^uo^. E r tOi^ 5mm%m^rz:^^7sX$>^o 

MfCNo. 18. 190:^^;^«Na20ft^No. 1(D^ 

mmiytziS^TsX^}^. ^fz. No. 2 0 2 3 CO:tf 

^n^tlNo. 15-19 CD:tf ^XOE r , O, 
^'ti:X\^'^U\^^iS ^ 7.X$>^o 
[ 0 0 3 7 ] ^2 (C, itmmtiyX. No. l<Df)^:^^ 
y)ltf^jm^lZJ:0it^^itl^rziS'^7.<DTe, a. H 
40 v^^-Tc 
[ 0 0 3 8 ] 
[^2] 

m 2 



N 0. 


T 9 (1C) 


oc 


H V 




2 6 


6 5 7 


8 S 


6 7 0 


4k * » Ik /f ^ 



[ 0 0 3 9 ] it^^itn. mo . 6 3mm (DW-^^zmni. 

rzi5^7.^z 8 ox:(Dm^ti u A^j^^tc 4 0 ^^mm 



50 



tz. it^^ihi1'y7.(Dnw\t.^ 7 0T'^)o/iio ^k^^^^b 



( 

9 

[0 0 4 0] il<7){fc:^^^t::tf ^X(Z)H vCDJ^mSrtxh 
^JtafiT&M . 0Mffi%RC^2 . 0SS%cOt# (No. 2. 

3) , ^ u \f y - 7.mmiit.^n^n 6 21, e a 

5t. No, 1 <OiS'^X\Zit^X±^\tLX\,'^rzf)^. ^<0 

feo E r I O, cD^.J!jDft;^^ 5 . 0 Mfi % CO N o. 3 O :tf ^ X 
TMi, H v:?:>t6 7 3-e^O. it^^it:fS ^ :^ <DH v 
AS C i::?&^^>7&>ofeo ^ ^ E r , O, CD^jtaM^ 1 0 - 
2 1 MfiSg iiiiiJa^-drfcNo. 5 — 8 CD:^ ^X-eJ^, Hv 
{i$^{C±#U, -tn-?=n6 8 3, 7 0 7, 7 1 2B:UJ 
7 2 2 i:7^j:'s>^Co 

[0 0 4 1 ] mi\z. ^mitm<Dmmm\zMt^'T^ ^ 

m^'^tsmit^(D^)i%xm7^Lrco -rutD^. s io 

, Si:04<hUT, E r t O, <i: A 1 , O, ti-e<7)^* 

1 o, ^^>ijDbfc:^^xTfi. ^(Dmiinm^zMLxi^i^m 

^e^fCHv7!?^*±#bTl^7to ErtO, ^.JtaS;!?^* 0.01 
3mol%(5. 0 mm%) J^±Xit^mtiJ ^ 7s(DH V 

[ 0 0 4 2 ] s i : o. , A 1 : ^m^mi^rz^^ 

X (No. S--! 1) {Z:^l^X^Hvf}^±^^^m\^^^^ 

^nrzf)K ■e(o±#«{i/h$ < , o . o 5moi%Ji^±^.jto 
[ 0 0 4 3 ] ^2fc, ^^{bi^co^.j^stc^-rs^fl^^ 
mm(D±^tth\zmm^^WL%±^i.:ft. mm^mm 

[0 0 4 4] &.±<D^o\Z. E r , O, «:^J!jnbfcJ^^, 

5S0i]cDiiii, E r : OjO^wfiTif^o . 5 ma%*iiir'«H 

V ^D±#^i^^^:^<i:^6n;'c^:7&^oyc. t^e-c^T, ErrO, 
0.5 Sft%J!^±-e^'5C<i:75^^^bl^, Sfc, 3 

T.^^zmm^^'T. Ti^-t.U-DfZo C(DChf}^i^E r 2 

^rzm<Dmwi,m^m^\^±^'^^ t^x^n^s i o, 

^A 1 rOa <!:l^o}tJ5K5><hH v T g <D ±#S $ It i^-T 

s<h. T g(D±^m\t\^\^mmmx^'Drz'^^. hv(o± 
#{cg|bTti. E r : o, ^^.Jini b;t:^/^^^:^6<jT^o 

/t. No, 1 4^ I 6(DA \ tOi^mm^mm^-ttfzf!^ 

X\Z^l^Xh. E r , O, ^^^$-a:;^^o/!:No. 2 0 — 

2 2 CD:^ J: 0 t>H v7:;^f^Jib;^c« No. 15, 1 6 (D 

is^:K^9 0 ox:xmmm-r^t. tj ^ xp^^z^^^i^^ 
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m^^^t. "tti^nieo. 7 2 o tn^Mmm^zit^ 

XHvf)^±^<U-:>X\^'^rz. No. 1 7 1 9 -CJi. Na 

,0 (D^mm^No. 1 (D^i^com^xm^p'^'^rzo ^co 

j^it^^X^^Br O, , BaO, SrO^^^g^W^ 
itfz. cn6(7):^^X(Cli. 5.0 mm%<OEr:Oi^ 

^m^'^ft. i^rtKom^xh. e r .c^-^w^-ii-T 

l^TSil^No. 2 3-^ 2 5 CO:tf ^X(Cjt^, H v:f&^:*C# < rfi] 
±bfc, 

10 [0045] :;^tc. No. i(0:^;^x. No.5cd:^^x& 
V^it»<Drztbit^^itiS^>(.(No. 1 2)<0H.^ft^f^^ 

a p 
[0 0 4 6] 
[^3] 

S 3 



N 0. 


n 


7 C M P a ) 


1 


2 0 


3 2 8 


5 


2 0 


3 9 1 


2 6 


2 0 


3 9 0 . 



[0 0 4 7 ] ma&lt. iS^xm^ 0 . 6 Smm. <e2nno. 

SmiB (DU^f^^m^^xn^fZo Tlfl5X/1>(l 1 . 2 
mm ib;t, i^^n-m (n) ti^li ^4 i 2 0 <h b 
JtoAAcl^m^w^f -5 ^, H.^tttf^So (MP a) 
a =(3 1 w/2 at') 

t.ysi^o ZLZiX. 1 : T^X/1>. a ; Umh-<Dm, 
t ; Ulkh-oym^X^^o No. l(DiS^X<D^i^(D^j^ 
30 ^iff^mitS 2 SUP aX^-ofz. E r , O, ^ 1 0 . 0 

mmx-^mvfzNo, 5<o^^xx\^. w-m<DE,j^m\tf^ 
^(i3 9 1 mi 9 %^m^^^±vxi^o . it^^it 

il^T. (No. 2 6) izmm(D^m^mVX\^^rz. 

[ 0 0 4 8] 'A\zm±mmitm^^m^'^^^ii\z^^ 
mmmikm}^±.cy:^ti:=^xi^^^t^r^rzib. m^^mm 
0 No. 1 - 8 , 1 0 ©y/^xo^#iii 

^li^b^c. 

[0 0 4 9 ] No, ii^isi o<Df^±mmi\L^^'^mvr^ 
\^^i5'y7.\t,mnun^n^mx^'Drz. no. 2- 

J :^-^-(DmmuML^ti^^\hvx\.^tz. M^mmm(o 
mf^^z^o. :iti^<DUi&^\t. ^^mx$>^cti^^^ 
f)^'Drz. :i<D^o^z. f^±mmi\:^^^mLrzis^ 

^yj^-Dfzo —yj. No. 1 o<Dti^x(D^oiz. A 1,0, 

n-f. ^mi^±(Dm'^^^h^h^f)^':>rz. c<Dctf}^'b. 

z,(D^mi&.^<D^tEiz^o^mf)^\^±i^rzt%?Libti 

s, 

50 [0 0 5 0 ] C(DU^^W.^<onm\^. ErtO.-^^^S 
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1 0 0 5 1 ] 
C^4 J 



No. 


2 


3 


4 


5 


6 


7 


8 




l.O 


2.0 


5.0 


10-0 


15.0 


1 6.0 


2 1,0 


V*«9ftSC nm) 


1 




a 


1 5 


3 8 


5 1 


1 O 3 


c % ) 


9 1 


a 5 


7 9 


7 4 


7 Q 


6 7 


5 a 



[ 0 0 5 2 ] ^r:Ls E r jO.^JtoSfC^^T'S^mLTl.^ 



20 



[ 0 0 5 3 ] 'A^z. No. 1 CD:^^X{;:, ^ ^5 :^j:f&± 

(Tg). ^.mm^^, ^ u\iytf-X^^ (Hv) ^ 

i: T g c^)||^^^-r« ^>Jinti. L nr O, <D^{b4^TfT-:> 

^x<oi^m:^m. ^\^<Dm^:^m\t. mitmmx$> 

[0 0 5 4] 
[^5] 



N o. 




L Oa ^^-ft 


T 9 

CC) 


a 


H V 


L n 


CfiSit) 


2 7 


S c 


3.5 8 


5 9 3 


9 1.4 


6 6 6 


2 8 


Y 


5.89 


5 8 2 


8 1.5 


6 5 3 


2 9 


L a 


8.4 7 


5 8 3 


9 O. 2 


6 5 0 


3 O 


C e 


8.5 3 


5 8 2 


9 1.3 


6 4 8 


3 1 


P r 


8.6 1 


5 8 5 


9 2.2 


6 5 1 


3 2 


IN d 


8-7 8 


5 8 7 


8 6.4 


6 4 6 


3 3 


S m 


9 . O 7 


5 8 4 


9 3.5 


6 5 1 


3 4 


E u 


9.19 


5 8 5 


9 5.5 


6 5 2 


3 5 


G d 


9.46 


5 8 0 


9 O. 9 


6 8 5 


3 6 


T b 


9.51 


5 8 3 


9 0.3 


6 8 2 


3 7 


D y 


9. 7 O 


5 8 1 


9 0.6 


6 8 3 


3 8 


H o 


9.8 2 


5 8 4 


9 1.6 


6 8 2 


3 9 


E r 


1 O. O O 


5 8 2 


9 2.2 


6 8 3 


4 0 


T m 


1 0- O 3 


5 8 6 


9 2.0 


6 8 2 


4 1 


Y b 


1 0. 3 O 


5 8 8 


9 O. 9 


6 8 5 


4 2 


L u 


1 O . 4 O 


5 8 5 


9 1.1 


6 8 4 



[ 0 0 5 5 ] -^^ ^u\iytf-:^m^^M.^t. i^-rn 

m<Dm\t6 8 0 i^±X. it^^itiJ^^O)Hv ^0 



50 



[ 0 0 5 6 ] ii'y :^m^um\t^<D7tm(om'^xhf^ s 

8 5'CT-^'r^^3to 1^.mm^m\t. 8 1.6'-9 2. 

2 X 1 0 ' yx:<Dmmx$> 0 . mmmmmi^m ^(d-^ y 
m7tm<DmmtLx\t. cd. rt. oy. ho, e 

r. Tm. Yb. Lu:;5^M^Ll^o 
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